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I. INTRODUCTION 
In the course of general social conversation the 
author has often been asked where he worked and in what 
capacity. When told that the author was employed as a cer-
amic engineer in a porcelain enamel jobbing firm, the quest-
ione,'either was confused or believed that the employment 
pertained to pottery manufacture. This occurs in the face 
of the fact that practically every citizen in the United 
States comes into contact with a porcelain enameled product 
at some time during the day. Perhaps other citizens may be 
aware of the finish on their stove or bathtub but not of 
certain signs or store fronts, which are usually part and 
parcel of jobbing shop product lines. 
For the uninitiated reader the writer will be die-
cussing the various business aspects of fabricating and 
promoting certain specialized metal products coated with a 
type of high quality finish called porcelain enamel, which 
is defined as follows: The ceramic industry is defined as 
"those industries which manufacture products by the action 
of heat on raw materials, most of which are of an earthy 
nature." The porcelain enamel segment of the ceramic 
industry is considered to be "enameled metal products, where 
the enamel itself is a ceramic material applied to the metal 
at a high temperature, the metal serving only as a skeleton 
to give the desired form and strength to the glass it 
supports."* In a practical sense, porcelain enamel is essen-
. . 
tially a composition product c.omposed ot· a thin layer o1· 
glass which is bonded to the metal base at temperatures above 
9000lf. 
Porcelain enamel is synonymous with "vi terous 
enamel'" and trade names like "glassed steel .. , "porcelain-
-
on-steel" and the like, but it must not be confused with 
•. Qther :t'inishes such as galvanizing, anodizing, aluminizing 
and plating, which are finishes of the metal trades, and 
certain organic-based finishes like paint, plastics, sili-
cones and lacquers. The two materials most often mistaken 
for porcelain enamel are "vitreous china" or simply •• porcelain'', 
which are highly glazed, solid ceramic bodies; and. ••baked 
enamel .. or uenamel", which are hl;gh gloss, durable paints, 
some of which are are applied at room temperature but most 
ol·ten being bonded to metal at temperatures up to 400°!'. 
An example or the first case would be your bathroom commode, 
and an example of the second would be the paint on an auto-
mobile. 
Porcelain enamel Jobbing shops have been a small 
but significant part o:t· the porcelain enamel t'ield. Their 
business has been growing steadily, and sales have been 
almost constantly increasing in the last few years; however, 
it was reported that for the year 1955, some 40% of the firms 
supplying a~hitectural porcelain enamel lost money, while 
* 4~, P•260 
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only 30% m~~e some profit, the remainder breaking more or 
less even.* And yet, 1955 was a year with fine profit for 
mu.eh o! the manufacturing industry. 
It is the purpose o.f this thesis to determine what 
conditions contributed to such unsatisfactory performance, 
and to suggest possible methods wherein their problems might 
be solved. It is the contention of the author that many of 
tneir problems are traceable to their product line, since 
their line has been changing greatly over the past few years. 
New markets have been opened to the jobbing shops, the treat-
ment of which differed from the tried and true production and 
distributional methods and practices of the past. Some stable 
items in the product line are now being faced with severe com-
petition due to improved products made by the plastics and 
steel manufacturers, and even other divisions of the ceramic 
industry, such as glass. Because of the addition of new 
products, the product line has tended to increase in total, 
but little attention is seemingly being paid to the elimina-
tion of unsuitable products or of those products whose 
markets are declining with bleak prospects of their ever 
regaining lost sales ground. The use of new processes and 
equipment designed to improve porcelain enamel products has 
forced a reappraisal of the control measures formerly taken 
for grante~ as standard ~reduction practices. 
A survey of various sources of information indicated 
* 21, p.l 
ll 
that much of the published literature pertaining to porcelain 
enamel jobging shop problems occurs as short isolated articles 
of very limited scope which appear in trade magazines, such 
as Ceramic Industry or Finish, and technical and service or-
ganization publications. 
The Porcelain Enamel Institute, a service organiza-
tion 4evoted to the promotion of porcelain enamel products, 
ptJblishes reports, conference proceedings, factual data, and 
promotional literature on all phases of the porcelain enamel 
field, most of which are of great worth to jobbing shops. 
The most recent and applicable report issued so far by the 
PEI concerned the results of a seminar on profitable busi-
ness practices, which was attended by top management repre-
sentatives of porcelain enamel firms supplying architectural 
products. The report* contained the theory of bidding and 
capital acquisition and replacement, both important factors 
pertaining to product line determination. 
Another pertinent work was found which had a bear-
ing on some aspects of jobbing shop problems.** However, it 
was concerned mainly with reporting the results of a general 
survey made_on the prospects of products manufactured by the 
porcelain enamel industry as a whole without considering the 
various ramlf1cat1ons that a product line may have on a job-
bing shop bu~iness. 
* 42, pp. 1 - 30 
** 5, PP• 1 - 210 
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Many of the prob~ems associated with the determina-
tion 0f product lines are very complex and transcend more 
than one division of a manufacturing concern such as sales 
and finance. Also, the problems are not all of an internal 
nature. In order to provide a logical and simple basis for 
listing the problems and their suggested solutions, the 
auther has accordingly divided the thesis into six divisions; 
a history of the industry; properties of porcelain enamel 
and competing materials; various product lines and processes; 
managerial problems relating to product line det~rmination; 
selected case histories; and, a summary of problems and per-
tinent information. 
In the first section the history of the porcelain 
enamel industry will be outlines from its ancient beginnings 
to the present day as a means of determining the origins of 
jobbing shop business. As analysis will be made of what 
firms make up the porcelain enamel industry, and of those 
firms who will qualify as a jobbing shop. Other questions 
determined about porcelain enameling firms were what they 
produce, where they are located, and their relative numbers 
and size. 
1. 
In the second section as explanation is given of 
the qualities of porcelain enamel as a quality finish for 
metals as opposed to competing·materials. Knowledge of the 
intrinsic properties of a product and also of competing 
products is basic to the determination of the product line. 
The third section includes a discussion on the present uses 
13 
of porcelain enamel,. possible future uses, and how old prod-
ucts which are at present not too stable could be revitalized. 
The problem of standardization and of simplification or 
diversification were analyzed in this section because of their 
complex nature whose component P<'' rts could not be separated 
into the various areas of the succeeding division without 
losing some clarity in the analysis. 
The writer has separated the fourth section, which 
concerns managerial problema relating to the product line, 
into three parts on the basis of the general manufacturing 
divisions of sales, production and finance. Factors which 
affect sales would be in the main how sales are achieved. 
Other allied problems would concern what research and devel-
opment is done to satisfy customer desires, and what factors 
determine the relative worth of a product saleswiae. 
Production is concerned with producin~ a quality 
product in the cheapest and fastest manner with the least 
possible expenditure of funds·. Factors most applicable to 
production jobbing would be scheduling and control. Sched-
uling is complicated by the very nature of the business--
many product items to·produce whose volume and method of 
production vary greatly. Control of the production process 
is vitally necessary in porcelain enameling businesses 
because of the many cha:nces for defects which affect the 
marketability of the product. 
To finance is delegated. the duties of providing 
the necessary funds to keep the shop in operation from day 
14 
to day, and to provide means for the acquisition of new 
capital, plant and equipment to enable the business to grow. 
Since many of the porcelain enamel jobbing shops are small 
and operate on a limited bud,set, it is difficult to secure 
the necessary funds to finance, for instance, a new tunnel 
furnace plus accessories costing some 1200,000, by which the 
vlant may increase not only production but promote better 
quality as well. 
Certain case histories are presented in the fifth 
division to illustrate the problems which various product 
lines can produce, and how they were solved or are still 
resisting solution. 
The concluding section at the end of the thesis 
will be a summary of the suggested points which jobbing shops 
should consider to maintain their competitive position on 
their product line. 
15 
II • ·His tory of Porcelain Enamel 
A. Period Pre - 1910: 
One could say that porcelain enamel jobblng shops 
existed almost since the day that the art of porc~lain enam-
eling metals was discovered. Much of the ancient porcelain 
enameled articles were trinkets apparently made to order by 
independent artisans for their wealthy consumers. 
At this time 1 t is unknown which early culture pro-
duced the first porcelain enameled article, but it was long 
before the birth of Christ, perhaps as much as 3000 years 
ago. The first few articles were probably enameled in Egypt 
under the .P.haroahs since it is known that the Egy)tians were 
using glazes on their pottery as early as 1300 B.C.* It 
would seem to be a rela.ti vely short step for some enterprising 
potter in his search to provide more distinctive ware to apply 
his glazes to other than cera'!lic materials. 
The first few porcelain enameled articles were 
beautiful but crude in comparison to the ena~els of today. 
These articles did not feature porcelain enamel as such but 
would contain polished stones, metals and other materials. 
Such early work developed into the first recognized form of 
enameling which has been termed "cloisonne11 • In cloisonne 
enameling the enamel is laid between metal strips or wires 
* 20,. P• 3 
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which have been soldered to a base metal sheet. The protrud-
ing metal wires were then usually polished, and the total 
effect created was a eheckerboard of enamel separated by 
metal filaments. 
Cloisonne enameling crossed the Mediterranean Sea 
in about the Fifth Century, B.c., where under the sponsorship 
of the Greeks, cloisonne enameling flourished. Exarnyles of 
their beautiful art can be seen in the great museums of the 
world. 
From the Greeks the art passed to the Romans who 
helped to spread knowledge of the art. After the downfallo 
of the Roman Empire, the last of the great early cultures, 
the enameling art languished for several centuries. 
It was not until the Sixth Century A.D. that a new 
form of porcelain enameling was introduced. The warlike 
Celtics of Britain are credited with originating the art of 
"ehampleve" enameling. Champleve is somewlaat simi liar to 
cloisonne in that the enamel ia inlaid, but the Celtics took 
massive gold and bronze metal pieces (shields, armor), gouged 
hollows in the metal,_- and then tilled the hollows with 
colored enamels. These enamels have shown no deterioration. 
Cloisonne enameling enjoyed a rebirth during the 
Tenth and Eleventh Centuries in the Byzantine E~pire. exam-
ples of their work can be seen by us in America at the Met-
ropolitan Museum of Art in New York City. Both cloisonne 
and ehampleve enameling on copper and gold became known to 
17 
German artisans during the Eleventh Century, and they con-
tinued the development of the art. After the Thirteenth 
Century, cloisonne enameling had been carried to the Orient 
by the Huns and other European invaders. Under the hands of 
the Chinese and Japanese, cloisonne enameling became a deli-
cate work of art. 
Cloisonne enameling was changed by the Russians 
into another form called pliaue-a-jour. In plique-a-,jour 
enameling the metal background is either left off or etched 
off. 'l'he result is a relatively clear enamel suspended in 
metal crevices to create an effect exactly like a, stained 
glass church window. 
To France we owe the deve~opment of two similar 
new art forms which grew out of cham9leve enameling. The 
first was called ·•baisse-taille", which was a refined form 
of champleve enameling. In baisse-taille enameling the 
,hollows in the metal are carved into a design. Through a 
clear enamel applied to the hollows of the metal the design 
could be seen. 
The second new art form in enameling came in the 
Sixteenth Century at the town of Limoge. This step was to 
coat the entire metal piece with enamel, and it was termed 
"limoge'' enameling. A white base coat of enamel was first 
applied, and on the base coat various designs were painted 
using eolored enamels or more simply a black enamel. Over 
the design, transparent enamels were applied. It was during 
this period that enamel formulas began to be developed on a 
18 
more methodical basis. Limoge enameling can be said to be 
the forerunner of today's enameling practice. 
Limoge ena~eling approached its hifhest point when 
the designs had become intricate, but as the desire for it in 
b'rance waned, .l:!!ngland was attracted to the method at the end 
of the Seventeenth Century. ~nglishmen, led by Josiah ~edgwood, 
had become excellent potters and had adooted porcelain enam-
eling as a new field for commercial exploitation. With the 
advent in 1750 of the 0uick method of applying intricate 
designs.by decals of transfers, the art was removed from the 
sole ownership of the artist. 
English enameling was termed ":niniature style" be-
cause the enamels were primarily applied to very small ob,1 ects 
such a.s snuff boxes, candle sticks and miniatures·* In "min-
iature style'' ena:neling a white base coat is applied and the 
paper transfer is laid on the base coat. The transfer is 
printed with the design, not with ink, but a suspension of 
enamel glasses. The transfer is removed leaving the design 
behind. This method is still used to make som.e of the conven-
tional fine china and dinnerware which we all have in our 
homes. 
Up to the middle of the Eighteenth Century all 
enameling was done on precious or cuprous metals, and the 
objects turned out were primarily for ornamental value. 
Although Englishmen had succeeded in commerciallizing enam-
* 20, P• 7 
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els, they did it only to make available objects d'art for the 
less wealthy. 
The Germans were the first to succeed in removing 
porcelain enamel from the luxury class by giving it utilitar-
ian value--the a;>plication of it to the less costly and 
stronger iron--without any beautifing treatment accorded the 
enamel coating. Although iron was quite a co~mon material, 
J. H. Gottlieb Von Justi in 1761 was the first to suggest 
enameling iron.* The first plant was established in 1764 
and made acid proof enameled ware for chemical use and enam-
eled stoves and cooking utensils. Cast iron objects were 
first used, and about 50 years later sheet iron began to be 
used. By 1850 both the wet and dry processes were known as 
well as lead free enamels. In the d.ry process the enamel is 
sifted on the hot ware and allowed to fuse while in the wet 
process the enamel is suspended in water and coated on the 
cold piece before the part is heated. By 1851 the art was 
advanced to the stage where a textbook on enameling was pub-
lished.** The Bessemer and Siemens-Martin process for steel 
making produced purer and more defect free iron which could 
be enameled successfully. Purer materials for glass manu-
facture began to become available. By 1890 it was estimated 
that there were a~proximately 300 factories performing por-
celain enamel applications in Germany alone. 
* 8, P• 5 
** 36, p. 227 
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The first enameling plant in the United States was 
established in 1857 by Jean Grosjean of Lalance, Grosjean 
Company of New York City.* The Vollrath Company was also 
established about the same time. Both were organized to 
enamel cast iron cooking utensils using processes and for-
mulas imported from Germany. Sanitary ware manufacture was 
started in 1873 by the Kohler Company and in 1879 the 
Standard Manufacturing ComL:>any was started. Both enameled 
bathtubs first and later expanded into all other phases of 
cast iron and sheet iron sanitary ware enameling. In 1887 
the first porcelain enameled signs were reputedly made. 
During'the next few years, after 1890, stove componies had 
begun to enamel cooking ranges. During the 1890's the 
Ptaudler Company had commenced enameling glass lined tanks 
for chemical and brewery use. By 1910 the Gibson and Seegar 
Refrigerator Companies were enameling refrigerator showcases. 
B. Period 1910-1941: 
By 1910 the manuf'acture of porcelain enameled signs, 
stoves, sanitary ware, kitchenware and other products had 
become commercially competitive. By the middle Thirties, 
porcelain enamel had become the standard for a quality finish 
on those items. From its initial use on retail store show-
oases, porcelain enamel began to invade the home refrigerator 
* 20, P• 8 
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field in the 1920's. It was used. primarily as an interior 
finish, but acceptance was slow. Although most refrigerators 
n~w have enameled interiors, porcelain enamel is used as an 
exterior finish in only the premium models. 
During the 1920's other markets were invaded by 
porcelain enamelers. The a.ehitectural field began when the 
first porcelain enameled gas station was built in Chicago in 
1926.* When that Shell Company gas station was torn down 
some three years ago the enamel part of the Janels was re-
)orted to be still in excellent eondition. Soon small build-
ings·were remodeled using enam~led ?anels. Roofing and wall 
tile were also beginning to be used after 1927· 
Although enameled washing machine tubs had been 
' 
made rather sporadically several years before, the first 
washing machine plant to be established was the ABC Washer 
Company in 1927. The use of poreelain enameled washers was 
a perfect f"ield because the usual copper tub could be replaeed 
by a porcelain enameled tub at about one-half' the price·* 
Because of its excellent corrosion resistance, poreelain 
enamel coated on washer parts in contact with hot water soon 
became the standard finish. 
Manufacturers of cooking utensils {kitchenware) 
found a market for porcelain enamel in hospital utensils and 
equipment where its easy cleaning and sanitary features were 
of great importance. Another market developed in the coating 
* 78, P• 120 
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of table tops for use in the k1 tchen where the hardness and 
easy cleaning of porcelain enamel proved worthwhile. The 
modern kitchen soon seemed incomplete without en enameled 
kitchen table. 
In industrial use porcelain enameled tanks began to 
be used extensively ·in the brewing, dairy and chemical indus-
tries. Since porcelain enamel has excellent reflection to 
light rays. it began to be used for reflectors where mainte-
nance free operation and long life was desired. 
Perhaps the greatest advances made in the period 
1920 to 1930 were not d,ue to the. development of new products 
of displacement of other competing products. The advances 
were primarily of organizational and technological changes. 
Of the organizational changes, the most pro~ressive 
was the establishment of materials suppliers. At this time 
the industry facetiously alludes to the old uhip-pocket enam-
.. 
eler'', but prior to 1920 this person W3S an extremely valuable 
asset to a company. The man with a knowledge of.enamel form-
ulas and application methods was indispensible since the trade 
was very secretive. The one company which stumbled on a good 
enamel formulation kept that information to itself. With the 
coming of the materials suppliers who could compound the form-
ulas, companies could turn their attention to stra:tght appli-
cation pr.,dedures, which were tough enough problems in them-
selves. 
The 0. Hommel Company started supplying fri t as far 
back as 1907, but it was no't until 1925 that the manufacture 
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of frit really began to grow. The Ferro Corporation, now the 
largest ceramic frit supplier, began to supply frit in this 
period also. By 1935 the suppliers were manufacturing 60% 
of all wet process frit made in the United States, but very 
little dent was made in the dry process frit market which 
continues to be relatively untouched even today. 
Certain other organizational changes became evident 
in this period. More companies tended to specialize in pro-
ducing one type of prqduct such as kitchenware or sani taryware 
rather than do a bariety of enameling, i.e. "jobbing. As por-
celain enamel began to b~ used more and more for its durable 
qualities, larger concerns entered the field and began to 
enamel some of their own parts. 
In the 12-year oeriod 1919 to 1931, three impor-
tant and beneficial organizations were originated. In 1919 
the American Ceranic Society established its Enamel Division, 
the purpose of which was to encourage the spread of technical 
information pertaining to porcelain enamel manufacture and 
apl)lication. The National Bureau of Standards did some work 
on fishscaling of groundcoats in the early twenties and 
because of such work, the Enameled Metals Section was estab-
lished on much the same basis as the Enamel Division of the 
American Ceramic Society. The awakened interest in the trade 
' in attempting to solve technical and ma.n:::·.gerial problems by 
mutual cooperation led to the establishment in 1931 of the 
Porcelain Enamel Institute, a trade organization devoted 
to the promotion and dissemination of information concerning 
porcelain enamel products. 
Somewhat allied to the Porcelain Enamel Institute 
in promoting porcelain enamel was the interest of ceramic 
trade magazines which began to incorporate articles of inter-
est to porcelain enamelers in the monthly issues. Courses 
about porcelain enamel were also being given in the ceramic 
aepartments of universities and colleges to aid in SUP?lying 
traineJ personnel to the industry. 
Uuring the depression-wracked Thirties, the porce-
lain enamel industry showed a slow 'but generally steady 
increase in sales. Most of the siles came from consolida-
tion of gains won in mRrkets entered in previous years. 
Certain new markets like porcelain enamel houses were experi-
mentally surveyed, but because. of the general countrywide 
business stagnation, nothing new developed. One foreman 
remarked to the writer recently that he started in the busi-
ness in 1928, and even during the depression he had, more or 
lees, a steady .lob. To his recollection porcelain ena'Tielers 
had less of a hard time than other industries. He stated 
that the general run of work for jobbing shops was to manu-
facture signs, gas stations and archtte.ctura.l buil::Hng 
facades and miscellaneous work like textile thread guides 
when jobbers could get the work. Much dependence was placed 
on orders for table tops, sanitary ware e.nd other cast iron 
ena'neling, and stove work for the majority of the sales. 
In the twenty years from 1920 to 1940, much prog-
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ress was made in technological matters. cast iron enamels 
were quite high in lead, and because of the health hazard 
were gradually displaced by non-lead bearing cast iron enam-
els. Leaded ceat iron enamels still around owe their use 
principally to the fact that the enamels have exceptional 
brilliance for electrical or chemical resisting properties. 
Cast iron wet process enamels were gradually re-
placed in turn by wet process sheet iron enamels as more and 
more cast iron parte were replaced by the less heavy and 
easily fabricated parts of sheet steel. Sheet iron enamels 
of the early Twenties fused in the region 1600 to 1700oF. By 
the middle Thirties this fusion range was dropped 100 to 150°F, 
a definite aid in lessening warpage of sheet parts. 
The tendency towards chipping or spotting of the 
enamel from parts was lessened as the enamel thickness needed 
to develop the proper finish was reduced. Thinner coatings 
were the result of the development. of more opaque glasses. 
In the 1920's glasses were opacified by the use of' fluorine-
containing compounds in conjunction with tin oxide. Near the 
end of that decade antimony opacified enamels began to make 
their a9pearance and displace tin oxide. In 1958 antimony 
opacified enamels were in turn replaced by zirconium enamels. 
Zirconium e,namels could cover a dark colored ground coat with 
almost a 50% reduction in thickness over the old tin oxide 
enamels. 
Advances were also made in equi oment. The old box 
furnaces, some of which were coal fired, were modified to 
semi~continuous use and finally the continuous furnace was 
invented. Better grades of i'uel were also used. More exact 
control over operations as well as greater production capa-
city was assured.. Newer rerractories made furnaces last 
longer and were more maintenance-free. ::steel forms for hold-
ing ware during the i'usin~ of the enamel were rnade more dur-
able as new hec;r resistant alloys became available. The 
actual application and. operational procedures of a Jlo:~nt be-
came simpler as the best methods were round tnrough long 
years ot trial and error and. made available to personnel in 
the ina.ustry. 
c. Period 1941 to Date: 
During the war ~;:>eriod the advance of porcelain enam-
eling was halted. Many shops which were a.oing work !'or gen-
eral consumer use began to proauce war production items. 
~namel furnaces were used for heat treating metal parts. Of 
the enameling still done many shops had trouble because of 
scarcity of materials. Cold. rolled steel which ~as substi-
tuted for enamelin~ iron proved troublesome to enamel. 
After the we.r the porcelain enameling business beg'ln 
to boom again. Appliance and sanitary work was in much de:nand, 
and such demand has continued to this day. 
Cooking utensils did not share in the boom, and 
today those products are suff'ering from severe competition. 
Also, because of the development of plastics and materials 
like "micarta", table tops have about disappeared as a volume 
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porcelain enamel product. 
Industrial uses have increased especially since the 
value of special porcelain enamel formulations as oxidation 
resistant coatings for metal was demonstrated in World War II 
and the Korean War. More reflectors are being enameled, 
especially fluorescent fixtures for maintenance-free use in 
industrial plants. 
Perhaps t.he most surprising boom came in the manu-
facture of architectural building facades. Where most of the 
business was in signs, gas stations and store fronts, the use 
of porcelain enamel on major buildings, schools and churches 
has given to jobbing shops rapidly increasing sales. Much of 
this new work was the result of development of prefabrication 
techniques, the answer to high labor costs. Of the old stand-
bys, signs appear to have.held steady, however, the inroads 
of plastics, and especially, interior lighted glass signs are 
now beginning to be felt. Both gas station and store front 
business was increased. 
An example of the material volume of business done 
four years ago in porcelain enamel in certain product lines 
is shown in Table I. 
Of interest to those who are concerned with the 
relative strength of sales of porcelain enamel products in 
relation to those of other industries, one article* stated 
that the ceramic field produced 2-93% of the dollar volume of 
*42, P• 260 
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manufactured articles made in the United Stated as based on 
Bureau of Census figures for 1947. Such a percentage gave 
the ceramic industry seventh position in industry strength, 
Ceramics was exceeded only by metals and metal products, foods, 
textiles and apparel, paper and printing, chemicals, lumber 
and furniture, but ceramics did surpass petroleu,n and rubber 
products. This same article also gave a breai'>:down on produc-
tion figures for not only the ceramic industry but the porce-
lain enameling industry as well. (See Tables II and I II.) 
In the <?eramic industry porcelain ena11el is in 
fonrth position, but is exceeded in sales rl11ost four times 
by glass and two times by cement. Jobbing occu;Jiee a rela-
tively strong second position in the porcelain enarnel segment 
of the industry, but other non-jobbing _)roducts are included 
in the dollar volume given. 
Technological development proceeded at a ra:.>id pace. 
In 1947, titanium oxide opacified enamels were presented to 
the industry. They were the first enamels which could virtu-
ally, in all colors, cover the ground coat in one coat of 
enamel of only three thousandths of an inch thickness. Assum-
ing a ground coat thickness of o.oo4 inches, the total thickness 
of enamel on a part would be only 0.007 inches as compared 
to the 0.020 to 0.030 inch thickness of thirty years before. 
Although a patent for enameling on aluminum was. 
issued in 1917, the first successful enamels for aluminum 
a9peared about seven years ago. This development has shown 
a very practical use. 
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Table I. 
PORCELAIN ENAMELED GOODS SOLD IN 1953 
Item 
Stove & Ranges 
Refrigerators 
Freezers 
Dishwashers 
Roasters 
Washing Machines 
Clothes Dryers 
Cast Iron Bathtubs 
Steel Bathtubs 
Cast Iron Kitchen Sinks 
Steel Kitehen Sinks 
Cast Iron Lavatories 
Steel Lavatories 
Units 
3,600,000 
3,570,000 
1,140,000 
180,000 
425,000 
3,200,000 
61.5, 000 
1,500,000 
453,000 
1,021,000 
1.065,000 
1,338,000 
213,000 
Source: Hutt, Glen, History of Enameling, 
Alfred University, Symposium on Porcelain 
Enamels, Alfred, New York, Alfred University, 
June 8, 1954 
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Table II. 
MON.l!:TARY VALUE OF PORCELAIN ENAMELED 
PRODUCTS AND SUPPLIES FOR YEAR ~947 
Product* Dollar Va~ue 
Vitreous Enameled Plumbing 
i'ixtures 1132,~75,000 
Vitreous Enameled Products (Includes Jobbing Sales) ( 76,359,000 
62,261,000 
30,958,000 
32,597,000 
17' 662,000 
17,988,000 
Stoves 
Refl-igerators 
Washing Machines 
Electric Appliance Pats. 
Frit 
TOTAL 1370,000,000 
• Includes porcelain ename~ing only. Figures for refrig-
erators, stoves, and washing machines are given as only 
5~, 12t% and 10~ respectively or their actual sales volume. 
Such figures represen~ an estimate of the value of the en-
ameling operation performed on those products. 
Tab~e III. 
SALES IN 1947 OF TH.Hi VARIOUS DIVISIONS 
OF THl!: CERAMIC INDUSTRY 
Rank No. 
~ 
2 
3 
4 
5 
6 
7 
8 
Division 
Glass 
Cement. 
Whitewares 
Porcelain Enamel 
Re :rractorie s 
Clay Products 
Abrasives 
Materials 
TOTAL 
Dollar Sales 
fl,368,375,000 
' 609,313,000 
412,842,000 
370,000,000 
232,428,000 
222,895,000 
190,313,000 
90,498,000 
f3,496,664,000 
Source: Scope and Size of the Ceramic Industry in the United 
States, Bulletin of the American--Ceramic Society, Vol. 50, 
No. 8, August, 1951· 
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Beside the previous two developments, many other 
developments have been made, but the reader is asked to refer 
to the body of this thesis for a more detailed discussion of 
the current stage of porcelain enamel technological progress. 
I 
I Dl· The Extent of the Porcelain Enamel Industry in 1956 and 
Future Trends: 
In order to analyze jobbing shop product line prob-
lems, the wrtter believed it necessary to study the entire 
porcelain field as it exists at this moment of time, and what 
trends are developing which will affect the indust~y in toto. 
The study was made by co~piling and analyzing data concerning 
the various firms which perform the physical manufacture of 
porcelain enamel products. Questions concerned the number of 
firms in the industry by t.reneral product class, their size, 
·and the location of the principal place of business. 
The procedure that the writer used to accumulate the 
necessary data was to list every manufacturer under each por-
celain enamel product ~hich could .be found in Thomas' Register 
or American Manufacturers. This list was then checked insofar 
as it was possible by use of several sources chief~y trade 
magazine articles and advertisements, companies represented at 
the Porcelain Enamel Institute Forum and American Ceramic 
Society meetings, and by materials supplier salesmen and other 
peopl~ who have been intimately associated with the porcelain 
enamel field for many years. 
A review of the literature about the basic divisions 
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in porcelain enamel product manufacture ind.iceted some differ-
ence of opinion. One writer* stated that the industry was 
made up of frit manufacturers, industrial enameling concerns, 
university ceramics departments, independent porcelain enamel 
research laboratories and the National Bureau of Standards 
Enameled Metals Section. Actually we are concerned with divi-
sions occurring among firms in industrial enameltng. Another 
writer** stated that the industry was divided into jobbing or 
contract enameling plants, manufacturers of porcelain enamel 
products who purchase enameled services, suppliers and ceramic 
schools. 
As to their relative numbers one writer*** states b 
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that there are 225 enameling plants in the United States, while 
another writer**** lists 400 performing jobbing enameling alone. 
On the basis of the survey made by the writer~ the former 
view appears to be a better estimate. For the purposes of 
this survey the writer will establish the following divisions: 
A. Industrial Manufacturing Establishments 
1. Appliance Manufacturers 
2. Sani taryware Manufacturers 
3· Chemicalware Manufacturers 
4. Enameled Kitchen and Hospitalware Manufacturers 
5· Enameled Reflector Manufacturers 
6. Sign Manufacturers 
7· Specialty Item Manufacturers 
8. Jobbers 
B. Service Institutions 
* 98, P• 28 
** 96, p. 35 
*** 97, P• 3 
**** 36, p. 43 f . 
1. Materials Suppliers 
2. University Ceramic Departments 
3· Trade Organizations 
4. Industrial Research Institutions 
The industrial manufacturing establishments were 
broken into various general product line classifications. 
Manufacturers in these lines tend to produce only products on 
a mass production basis whereae the jobber may make from one, 
to thousands of items of varying size in more than one class 
depending on for what each unit may call. Captive plants are 
plants owned by an organization which usually uses the porce-
lain enamel items as parts in its other products or its enamel 
plant is but one division of the company which may produce 
many other items not in any way related to porcelain enamel. 
Captive shops then are opposite to the independent enameler, 
and both can be found in the same field whether it be jobbing 
or appliance work. The manufacturer who purchases his enamel-
ing service is nothing more than a customer of porcelain 
enamel application firms. In many instances the customer has 
and will install his own enameling plant in time if conditions 
so warrant. 
With respect to firms in various product lines, an 
analysis of Table IV indicates that one-third of the enameling 
firms in the United States are jobbers, who also are in the 
greatest number. Second place in the number of firms is cap-
tured by appliance products firms, most of their number being 
due to the prevalence of stove firms. The large volume of 
work done by the sanitaryware firms is accomplished by only 
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9·6% of the total number of firms in the industry. Firms 
manufacturing other products were included in the remaining 
30% of the total. Firms listed under specialties were those 
who made tile, small items like dials, de-enameling, jewelry, 
etc. One field not covered under specialities concerned the 
relatively large numbers ot firms who ·11a.ke electrical parts, 
such as resistors, who use enamel primarily as one of their 
various insulative coatings. 
Table V concerns the various product classes in 
which porcelain enamel jobbing firms indicated definite sales 
interest. 
Specifically, most jobbing firms indicated that 
their manufacture was general enameling to orcier. The writer 
difines this term to mean the manufacture of any porcelain 
enamel product for which :Jrders may be received, and if such 
ordPrs in the opinion of the management could be oroduced and 
would be profitable to the company. 
Of the various other product lines, jobbing firms 
average 2.3 definite products in their line. These two defin-
ite products tend to ce signs and architectural work. 
The relatively large number of tirms in any one class 
of products does not indicate "bigness". Reterence to Table 
VI indicates that most of the appliance firms tend to be very 
large as do the sanitaryware firms, too. Sign firms tend to 
be small and from other data they appear to service a local 
area with complete fabrication, enameling (paint, porcelain 
enamel, plastics, etc.) and erecti:Jn servicea. Specialty 
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Tab~e rl. 
INDUSTRIAL :MANUFACTURERS 
OF 
PORCELAIN ENAMEL PRODUCTS 
Product Class No. % of Total No. 
Appliances 
Stoves only 43 
Laundry only 4 
Refrigerators only 7 
Two appliances 5 
Three or more appliances 11 
TOTAL 71 28.2 
Sanitary-ware 
Bathtubs only 3 
Sinks & lavatories only 6 
Drinking fountains only 3 
Two or more lines 2 
Three or more lines 10 
-
TOTAL 24 9.6 
Chemical ware 9 3.6 
Kitchen & hospital ware 6 2.4 
Signs 28 11.2 
Reflectors 15 6.0 
Specialties 13 5·2 
Jobbers 84 33.8 
GRAND TOTAL 250 100.0% 
Source: Original research of the author 
Tab~e v. 
JOBBING FIRMS WHO ACCEPT WORK IN VARIOUS 
PBODUCT CLASSES 
Product 
Appliances 
Stoves 
Laundry 
Refrigerators 
Other 
Sanitaryware 
Bathtubs 
TOTAL 
Sinks & Lavatories 
Drinking Fountains 
Other 
TOTAL 
Chemiealware & Ceramic Coatings 
Kitchen & Hospital Ware 
Signs 
Reflectors 
Specialties 
Architectural 
General Enameling to order 
Sub Total 
19 
6 
9 
1 
2 
7 
0 
4 
20 
7 
50 
10 
17 
46 
69 
Total No. 
35 
13 
Average number of lines per jobbing shop other than general 
enamelig to order - 2.3 
Source: Original research of the author. 
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firms also tend to be small. Jobbers and firms in other prod-
uct lines vary from small to medium size but do not appear to 
be very large corporations. The one jobber who is among the 
500 largest corporations is a division (captive shop) of a 
very large corporation. 
With regard to geographical area it would appear 
that most porcelain enameling firms tend towards concentration 
in specific areas. The three states; Ohio, Illinois, and 
Pennsylvania, claim almost 50% of all enameling plants. Many 
great regional areas of the United States are virtu~lly devoid 
of enameling plants. The figures of the writer, however, do 
not reflect the fact that so:ne enameling firms have more than 
one plant. This fact tends to apply only to the appliance 
and sanitaryware manufacturers. Jobbers are mainly one plant 
operations. 
It is not uncommon to fine a concentration of enam-
eling firms doing a variety of work in certain cities such as 
Erie, Pennsylvania; Mansfield, Ohio, and especially in and 
around Chicago, Illinois. 
The various servic;:; institutions were termed mater-
ials suppliers, university ceramic departments, trade organiza-
tions and industrial research institutions. Materials 
suppliers are relatively few in number as shown in Table VII. 
Most of the major suppliers tend to provide co~plete enameling 
service including servicing operations, buil~ing plants and 
installing equipment. Some suppliers have specialized on 
oxides, opacifiers and other lines. With the advent of por-
37 
TABLE. Vl· 
SIZE OF FIRMS IN PORCELAIN ENAMEL INDUSTRY 
Product Class Size* 
A 
WA 
500 
Total or less AA AAA Larsest 
Appliances 71 9 3 4 4!5 10 
Sani taryware 24 3 2 2 14 3 
Chemieal Ware 9 1 4 0 3 1 
Kitcnen & Hospital 6 0 1 1 4 0 
Ware 
Signs 28 21 3 1 3 0 
Reflectors 15 5 1 4 5 0 
Specialties 13 11 0 2 0 0 
Jobbers 84 28 12 11 32 1 
* Rating Scale: 
As listed by Thomas' Register of American Manufacturers. 
I 
Size A = less than $300,000 in capital 
Size AA = f300,000 or over in capital 
Size AAA = over $500,000 in ca.pital 
S!ze AAAA - over #1,000,000 in capital 
D~ta on 500 largest corporations was determined from Fortune 
Magazine Booklet uThe Fortune Directory of the 500 targest 
Industrial Corporations, July, 1956. 
Source: Original research of the author. 
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TABLE VII. 
- -
PRINO IP AL MATERIALS SUPPLIERS TO PORCELAIN 
ENAMEL APPLICATORS_ 
compaw 
:&'erro- Corp. 
o. Hommel co. 
Pemoo Corp. 
Chieago Vitreous corp. 
American Porcelain Enamel 
co,. 
Ingraham-Richardson Co. 
Ceramic Color & Chem. Corp. 
B. F. Drakenfeld Co. 
Armco 'Mfg. Oo. 
u.s. Steel co. 
Republic Steel Corporation 
Island Steel Co. 
Supplies 
lll materials 
All 
All 
All 
Frit 
Frit 
materials 
materials 
materials 
Colors 
Colors 
Steel 
Steel 
Steel 
Steel 
Steel 
Aluminum b'ri t 
except 
exe.ept 
except 
exeept 
steel 
steel 
steel 
steel 
Youngstown Sheet & Tube 
Minnesota Mining & Mfg. Co. 
E. I. DuPont Co. Aluminum 1!'r1 t & Oxides 
llcoa 
Kaiser Aluminum co. 
Reynolds Metals co. 
Vitro Mfg. co. 
Titanium Alloy Mfg. Co. 
Aluminum 
Aluminum 
Aluminum 
Aluminum Frit 
Aluminum Frit 
Source: Original research of the author. 
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TABLE VIII. 
PRINCIPAL CERAMIC SCHOOLS IN THE 
UNITED STATES 
Alfred University 
Ohio State University 
University of Illinois 
Iowa State College 
M. I. T. 
Georgia Tech. 
Texas University 
University of Washington 
Missouri Schoo~ of Mines 
Rutgers 
University of Toledo 
University of California 
Penn State University 
Clemson College 
North Carolina State College 
University of West Virginia 
University of Alabama 
U. c. L. A. 
Source: Original research of the author. 
42 
celain enamel on aluminum, several new firms became suppliers. 
Two of the suppliers, Chicago Vitreous Corp. and 
Ingraham-Richardson, have jobbing shop divisions, but they are 
the only two who have crossed the barrier· from supplying to 
applying. Chicago Vitreous Corporation has only recently been 
purchased by the Eagle-Pitcher Company, who supplies other 
ceramic industry firms. 
The ceramic departments of the various c::>lleges are 
located as shown in Table VIII. Of the v~rious colle~es, Ohio 
State and the University of Illinois have shown the most inter-
est in porcelain enamel research and development. Many of them 
now grant doctorates in ceramics and ceramic engineering, and 
they have been of ines.timable aid in promoting porcelain 
enamel through the solution of technological problems of 
benefit to the industry. 
Allied to the ceramic schools is the National Bureau 
of Standards Enameled Metals Section and the American Society 
for Testing Materials. The National Bureau of Standards' most 
prized contribution, in the estimation of the writer, was its 
15-year weathering test on porcelain enamel which can aid the 
enameler in telling quickly whether his finishes will withstand 
years of outside use. The ASTM has aided the industry by set-
ting testing standards on which the industry can comoare 
various products and finishes on a systematic and fair basis. 
At one time ·~i tchenware manufacturers were repre-
sented in the Enameled Kitchenware Manufacturers Association; 
however, it is no longer in existence. Most appliance enam-
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elers tend to be represented in the Institute of Appliance 
Manufacturers. This organization distributes a monthly mag--
azine termed the Stove and Aooliance Builder, and on the 
flyleaf of the mag. zine the aim of the organization is stated 
"to promote cooperation and understanding among appliance 
manufacturers and their suppliers by the regular circulation 
of information on sales trends, technical developments, 
modern designs and other matters of importance in the national 
business scene. 
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The organization most directly concerned with Qorce-
lain enamel and for jobbing shops in particular is the Porcelain 
.!1:namel Institute. The PEI is formed of •• a group of progressive 
companies with a primary interest in porcelain enamel--work-
ing together to improve the product, broaden its use and 
advance the interests of its individual member.'' The member-
ship is composed of the actual applicators, firms which use 
porcelain enameled products and suppliers. It publishes 
many bulletins a.nd operational data under a sales and manage-
ment service. It holds an annual shop practice forum to 
acquaint enamelers with the various tricks of efficient produc-
tion and how to utilize new d~velopments. It also maintains 
a program of' planned market development aimed at promoting 
porcelain enamel. To assist the growth ot' the industry, vari-
ous personnel of the organizations with membership in PEI 
serve on a number of committees. Those committees are: com-
mercial research, finance, national safe transit, market 
development, process development and quality development. Be-
sides the committees the PEI is divided into sever2l major 
divisions for companies which are interested in specialized 
products or functions. Those divisions are the aluminum, 
architectural, color, frit, general enameling, sign and steel 
plumbing. · Actually the PEI membership with regard to appli-
cators is predominantly composed of jobbers. Sanitaryware 
manufacturers are not too numerous and appliance manufacturers 
have been difficult to interest in obtaining membe'rship. 
The number of industrial research institutions who 
evidence interest in porcelain enamel is small. They seem to 
be Armour Research Foundation, which is attached to the 
Illinois Institute of Technologyt Battelle N.emorial Institute 
in Columbus, Ohio, Mellon Institute in Pittsburgh, and Arthur 
D. Little and National Research here in the Boston area. The 
Armour Research Foundation is responsible for the development 
of solution ceramics, a form of ceramic coating. 
Since World War II it has appeared to the writer 
that the porcelain enamel industry is in the middle of another 
period of organizational change. Such a change was difficult 
to measure. One study was made in 1947 of the various enam-
eling firms in Ohio,* the state containing the most porcelain 
enameling firms and also firms in the total ceramic industry. 
In Table IX the writer compared his results of firms applying 
porcelain enamel in Ohio with those of the Jrevious study. 
The comparison indicated tha.t atnroximately one-half of the 
* 97, P• 5 
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firms in Ohio underwent some change. The figures do not reflect 
the rise and fall of the largest porcelain enameling venture 
in the world, the Lustron Corp., which was being constructed 
in 1947 for the ,Jurpose of producing prefabricated porcelain 
enameled homes. The most serious changes occurred in the 
kitchenware field where competition drove those firms into. 
jobbing or out of business. Of the some 30 to ~0 kitchenware 
plants in the United States some 40 ye~rs ago, only 15 (6 of 
which were in Ohio) were left in 1947 as evidenced by the 
roster of the Ena~eled Utensil Manufacturer's Council. Those 
15 have now been whittled to 6 who still specialize in kitchen-
ware. Of the remainder, 4 perform kitchenware enameling but 
are now jobbers and 5 are defunct, one of which was reputedly 
the largest jobbing enameling plant in the world. One of the 
remaining specialists is known to be considering manufacturing 
building facades, hence to become a jobber. 
Upheavals in both the sanitaryware and aopliance 
industries have begun to occur. Both of these industries 
have matured. Variances between various manufacturers' prod-
ucts have become small and an era of intense com~Jeti tion has 
begun·. Mergers, business failures, and internal reorganiza-
tions have begun to appear in greater freQuency. Giants like 
International Harvester and Crosley-Bendix have discontinued 
some of their appliance lines because of the very poor profit 
possibilities. Many jobbing shops are doing less and less 
appliance and sanitary-ware work. Of the small appliance manu-
facturers, some have gone out of business and others are 
TABLE IX. 
. . 
PORCELAIN ENAMEL APPLICATORS 
AND .. 
SUPPLIERS.IN OHIO 
PRODUCT YEAR 
1947-1956 
Appliance 8 13 
San1 ta.ryware 5 6 
Jobbers 11 15 
Chemical ware 2 3 
K1 tchenw are 6 0 
Supplier 2 2 
Other 0 
_§_ 
TOTAL 34 45 
CHANGES TO FIRMS ABOVE IN PERIOD 1947-1956. 
Additions 11 
No Cnange 19 
Kerged or bought by 
other firms 6 
Out of Business 5 
Became a Jobber ~ 
TOTAL 45 
Source: Or~ginal research of the author and Hansen, J. E., 
The iorcelain Enamel Industry in Ohio, Ohio State University 
Engineering ExtJeriment Station News, April, 1947, p. 43 
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merging with other independents or are being bought out by 
other firms. The Detroit Michigan Stove Comapny, a stove com-
pany of over 90 years service, merged with Welbuilt, another 
independent, because the former suffered a loss of $1,600,000 
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on sales of $9,000,000 in 1955· Another old stove company, 
Kalamazoo Stove and Furnace Comapny is considering discontinuing 
operations. There are about nine old companies who have 
turned to jobbing where formerly they confined themselves to 
stove manufaQture. 
Examples of the trend toward bigness in the appliance 
field are the purchase by General Electric of Hotpoint Stove 
Company and RCA of the Estate Heatrola Stove Company. A large 
merger of two separate enamelers is now Whirlpool-Seeger. 
This combination now owns Clyde Porcelain Steel, which wa.s 
formerly a jobbing firm in Ohio. 
In the sanitaryware field, American Radiator and 
Standard Sanitary Corporationl who is ranked by Fortune as No. 
99 among the large corporations, bought Mullins Corporation, 
No. 402, bought the Eljer Division. an unranked but relatively 
large sanitaryware firm. 
Examples of welds between both the appliance and 
sanitaryware industries is the proposed merger of Richmond 
Radiator (sanitaryware) with Rheem (stoves, hot water tanks 
and other products). Rheem is the 212th largest corporation. 
The Humphreys Corporation (large sanitaryware manufacturer) 
is to Presumably merge with Borg-warner, (among others has 
a~pliance and sanitary ware divisions) who is the 6lst largest 
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eorporation. 
Some significant orgomizatioanl trends have begun to 
appear within jobbing enameling itself. Although some of the 
firms may he::ve undergone organization;; 1 changes in past periods, 
most .jobbing firms have been in existence over ten years. 
This indicates that jobbing at least has had some stability as 
a type of porcelain enameling business. There are, however, 
very few firms which have been started since World War II that 
have reached any measure of stature to be recognized by the 
ind~stry. Supplier servicemen on occa•ion have stated to the 
writer that they are eonstantly beinF. called to service new 
jobbing enameling shops, most of whom turn out to be very 
small, virtually one-man ventures. There is one such shop 
within the writer's neighborhood which has been in and out of 
business what appears to have been at least two times now in 
three years. 
The ranks of jobbing enameling has been swelled 
somewhat by the influx of firms from other areas of porcelain 
enameling, but the concerns still appear to be independently 
run. There are only about ten jobbers who are either captive 
shops or produce other work, and most of them have been in the 
enameling business for years. 
There is very little evidence outstanding which 
would substantiate a trend toward firms outside the industry 
to enter porcelain enamel jobbing. If some of the new appli-
cations of porcelain enamel ever become sureties~ it would 
make jobbing auite attractive to )Utside firms. With the boom 
going on in architectural enameling ap)lications, some new-
to-the-industry firms have begun to show more than active 
interest. 
At this moment jobbers appear to be poised towards 
evolving a product line of their own. As it stands now, signs 
and architectural worl{ form the basis. Most of them appear to 
be eying some of the new multitudinous number of uses for 
porcelain enamel. Significant break-throup:hs appearing now 
are coating mufflers, small appliance u~rts like toasters, 
and aluminum parts. 
III. PROPERTIES OF PORCELAIN ENAMEL 
IN coiPIRlsOit TO O!Z VA1'ERIALS 
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In this section of the thesis the writer will 
attempt to explain the general properties o£ porcelain enamel 
as compared to other competing materials. A knowledge of the 
various advantages and limitations of porcelain enamel and 
its competing materials is basic to the determination of the 
proper product line--no product will be bought if a more suit-
able substitute is available. Too many salesmen make the mis-
take of ~elling a product for a use which it could not fill 
properly; consequently, a bad reputation may be accorded the 
product which it does not merit. 
All materials tend to stem from two wide, so-called 
divisions of chemistry -- inorganic and organic. In the lat-
ter division we find such materials which have in some way 
been related to living things. Inorganic materials tend to 
be materials which are inanimate or dead. In that field we 
find metals, minerals, and common chemicals like table salt. 
Inorganic materials tend less to be easily destroyed than do 
organic materials 
Porcelain enamel is composed of elements of all 
three of the various materials, associated with inorganic 
chemistry listed in the previou• paragraph. It is composed 
of elements which have come from minerals and chemicals (the 
glass coating) and from metallic materials (the base to which 
the coating is applied). Therefore, porcelain enamel can 
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exhibit a wide variety of characteristics d$pendent on what 
its composition happens to be. Practically all metals which 
remain relatively impervious to temperatures at least above 
950 °F can be coated with some enamel, but the properties 
of the enamel are limited by those of the base metal. For 
instance, enrumels for aluminum must be low melting to fuse 
not only below the malting point of aluminum at approximate-
ly 1300 °F, but also the aluminum must not warp during the 
firing process. 
The composition of the glass itself can be made 
virtually impervious to attack by such strong reagents as 
sulphuric acid, or as one supplier has done by properly 
compounding his glasses, glasses can be made to be easily 
attacked by mineralized water so that the glasses may be 
used as controlled fertilis~~ These glasses would then 
release to the earth helpful traces of elements at a cer-
tain beneficial rate. 
Essentially, porcelain enamels are compounded for 
a certain base metal, and in the greatest number of cases 
the base metals used in the order of their usage are iron, 
aluminum, stainless steel and cuprous metals. The composi-
tion of porcelain enamel is more complex than such straight 
glass articles as windows and goblets, becaue extensive 
combinations of materials are needed to control the melting 
point of the glass, its coefficient of expansion so that it 
will stay on the metal, its surface texture and color, and 
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, for a variety of other specialized needs. 
All of these materials which are used to make the 
finished glass are added in two stages, either in the manu-
facture of the basic glass component or as special components 
to a ball mill when the base glass is being ground to the 
correct particle size. Sometimes these latter materials are 
not needed when 11dry processing" applications are being done. 
The basic glass is commonly called 111'rit11 which is 
nothing more than small particles of glass. This glass is 
made by taking various substanc•s, placing them in a smelter 
operating usually above 2000 °F, melting the components into 
a glass, and then the glass is allowed to run out· into w.ater 
and be shattered into easily reducible particles. Sometimes 
this glass is quenched between water-cooled rolls, and the 
resulting material is called "flake frit". 
The substances used to make the frit fall generally 
into several classes called "glass formers", refractories, 
fluxes, opacifiers, and coloring oxides. Glass formers are 
"materials which if cooled rapidly through the temperature 
of their freezing point will pass from a liquid to a solid 
state resembling that of a solid without the separation of 
a crystal phase{~·. Most inorganic materials are composed 
of inte~twined crystals, but glass does not have any orderly 
arrangement of its atoms which is characteristic of crystals. 
,.. 
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There are about six general inorganic materials 
which are glass formers, but sand (silicon dioxide) and the 
de-watered version of the common eyewash, boric acid (boric 
oxide), are present in practically every enamel. Both of 
these two also act in other ways: sand is a refractory and 
boric oxide is a flux. A flux is the opposite to a rei'rac-
tory; hence. respectively , a low melting constituent and 
a high melting constituent. Examples of other fluxes used 
are whiting, red lead, zinc oxide, soda ash and fluorspar; 
while for refractories we have clay, alumina and feldspar. 
Opacifiers are agents which will cloud a glass; 
that is, to make it hard to see objects placed opposite the 
glass tro.m viewing side. Examples ot glasses which are 
clear and op•que are a window pane (clear) and a cold 
cream jar (opaque). Coloring oxides as their name implies 
are agents to give the glass some pleasing hue. 
To further complicate the resulting enamel compos-
ition, materials are added with the frit to the grinding mil~. 
These materials are termed mill additions and are composed 
of the glass former {frit}, all of the other materials listed 
previously, plus matting, setting, flotation, and bisqu~­
strengthening agents, especially in wet process enamels • 
.. 
Normally,,an enamel presentS. a glossy surface, so 
matting agents reduce the glass. The flotation agent (most 
of the time it is clay) is used to suspend the frit in the 
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watery mixture, or the materials would quickly settle out 
because they are heavier than water. The setting agents are 
somet:imes called "electrolytes", and they are added in minute 
~ounts to control the viscosity o~ the ~luid enrumel suspen-
sion (slip). Bisque-strengthening agents are used to lend 
solidity to the enamel applied to a part after all the water 
is removed in the drying process. An example of a typical 
formula for a porcelain enamel is shown in Table x. 
The enamel in Table x. is classified as a "Class An 
acid resistant enamel, but it will exhibit t~~s property only 
when it has been fused on the ground-coated steel base at the 
right t-.mperature and for the correct period of time. It is 
also affected by the properties of each particular material 
within its formulation. Change one of them, and a change in 
its acid resistance will tend to occur in a slight amount. 
After conditioning the reader to the great differ-
ences existing among'.porcelain enamels, the writer will now 
attempt to explain how porcelain enamel will ~are against 
other materials with respect to the various recognized phy-
sical properties of materials. 
B. Strength Considerations 
The first class of properties to be considered 
concerns the inherent strength of various materials and 
porcelain enamel; their,resistance to deformation by being 
pulled apart (tensile strength)~ squeezed (compressive 
strength), torsion resistance, punched (impact resistance), 
TABLE X. 
FORMULA FOR AN ACID RESISTANT, 
SEMiwMATTE, GREEN PORCELAIN 
ENA.b1EL COVER COAT FOR AN 
ARCHITECTURAL BUILDmG PANEL 
Tn>e of Material 
Glass former 
Glass former 
Flotation agent 
Bisque-strengthener 
Setting agent 
Matting agent and 
ref'ractoey 
Opacifier 
Coloring oxide 
Coloring oxide 
Coloring oxide 
Suspending medium 
Instruction s: 
Material in lriill 
1506 Antimony frit 
1512 Antimony matting 
frit 
#66 Clay 
Bentonite 
Sodium aluminate 
Alumina 
Uverite 
#3629 aqua oxide 
#1967 yellow oxide 
#1301 black oxide 
Water 
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Weigh~-lbs 
5o.oo 
5o.oo 
5.oo 
0.25 
0.25 
5.oo 
6.oo 
1.00 
1.oo 
38.00 
Specific gravity - 1.70; Pick-up - 28 gms/sq ft 
Grind - 3 to 4 gms/200 mesh screen/100 co sample 
Application: Two coats over ground coat. 
Source: Modification of formula that the writer constantly 
used in architectural work. 
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and scuffed (hardness and abrasion resistance). 
Metals by virtue of what scientists have termed 
"electron transfer" have the greatest tensile strength that 
is usuable. Hence, we put steel 1n concrete beams to enable 
the beams to carry l~rge tensile loads without having to make 
a beam of great size. Some synthetic organic materials like 
nylon have exhibited amazing tensile strengths, but for price, 
rigidity and other factors they remain limited in their usage. 
Ceramic and other eartbJ mate~ials are characterized by the 
fact that they are brittle, !. e., have low tensile strengths 
and break without any plastic flow. Steel and most other 
matals can be bent beyond the point where they will lose 
their shape, but they will not break. Drawing car bodies out 
of a single large flat sheet of steel is an example. 
Actually, ceramic materials should have great ten-
sile strengths, because their atoms are bound together by 
bonds of tremendous strengths. Glass should be only slightly 
weaker because of its random arrangement of ato.ms, but glass 
fibers have been made which exhibited almost 11 000,000 psi 
tensile strength. Such a value makes glass twice as strong 
as the strongest steel or steel alloy. As a working limit, 
glasses are only given 10,000 psi values, which is only 1% 
of the theorhetieally available amount. This low amount is 
due to the fact that glass will fail because of any nicks or 
flaws, which will cause vecy great stress concentrations-i'". 
* 92, p.52 
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Porcelain enamel, however, takes advantage of the 
metal strength, because it is a composition material. There 
have been tests performed which have tended to indicate that 
porcelain enameled steel will increase the tensile strength 
of the composition over a plain metal sheet of the same total 
thickness as the composition. This fact, ter.med stiffening, 
would indicate that the inherent strength of glass has begun 
to be exerted. One study concerned the stiffening effect of 
enamel on 8, 10, 12 and l4 gauge sheet metal,{} and another 
study investigated the stiffening effect of enamels on the 
lighter gauges of 18 to 2&-H}. It was found that porcelain 
enamel caused strength decreases when gauges of metal heavier 
than 12 gauge were used, but increases in strength were noted 
in all lighter gauges. The coated 28 gauge metal exhibited 
a 1500% increase in strength when o.o25 inches of enamel was 
applied to both sides of the metal. Assuming that the metal 
was as thick as the total composition, the strength increase 
would still be three times as much. Enameled aluminum also 
shows strength increases of 5o-6o% over unenameled aluminum.{HH} 
As a practical matter this property has only limited 
application. Porcelain enameled panels cannot be used as load-
bearing members because it would generally take steel pieces 
of large cross-section, the enameling cost of which does not 
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justify the minute increase in strength, if any. Its main 
advantage might be the use of lighter gauge s.teel for kitchen 
cabinets than is now used. Hence, a one coat, low-fire (to 
get away from warpage problems) porcelain en~eled cabinet 
might be competitive with a painted cabinet. 
The~e is also some application in high temperature 
hot parts, but it mainly is a consideration of oxidation 
resistance; a topic which will be dis~ussed later. 
Perhaps, one other interesting point needs consider-
ation here, also. With respect to weight most of the struct-
u~al metals with the exception o~ magnesium and aluminum (which 
weighs the s~e as porcelain enamel), metals tend to be two to 
three times as heavy as porcelain enamel. Organic materials 
tend to weigh only 7o% or less of the weight of porcelain ena-
mel. Hence, porcelain enamel might provide more rigidity to 
metal parts with less weight being added. If plastics were 
made thick enough to provide the·same stiffening resistance 
as porcelain enamel, it would take more poundage of plastics 
than of porcelain enamel. 
The resistance of glass under compressive stress is 
estimated to btvsix to seven times as strong as it is in ten-
sion. One writer states that glass has never been known to 
fail under compression.~~ Perhaps, the greatest industrial 
exhibition of this fact are the light glass blocks used in 
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buildings. Either glass or metal alone will serve most of 
the uses where compressive strength is most important. Of 
interest to porcelain enamelers is the fact that many porce-
lain enamels are so compounded that their coefficient of ex-
pansion will be slightly l~r than that of its base metal. 
Upon cooling from the molten state the glass will not con-
tract as much as the metal base, so it leaves the glass under 
slight compressive stress, and therefore, much stronger. An 
unusual glass made by Pittsburgh Plate Glass Company called 
"herculite'' is made somewhat this way, and it is .amazingly 
strong. However, should one scratch or nick a large pane, 
the pane will shatter instantly into thousands of pieces. 
The resistance to bein~ twisted is not very high 
fol' brittle materials like glass. In fact, a torsion test 
is quite often used to indicate relative degrees of adher-
ence of en~els to the base metal*. Damage to porcelain 
enamel panels in the field has come in some cases by forcing 
a bent panel into place, straining the enamel and causing it 
to chip. Here is where differences in the variables of coat-
ing t~~ckness, the base metal used, and different application 
methods are important. The lower the melting point of the 
glass, the better it appears to withstand twisting. 
Some forming operations might be done on enameled 
panels, but this is not likely to happen at this period or time. 
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Metals and certain organics serve applications 
where twisting is encountered, so porcelain enamel need not 
be considered; however, the Pfaudler Corporation, a manufact-
ureer of glassed-steel tanks, bas exhibited enameled steel 
parts with amazing torsion resistance~ This, of course, 
does not support the contention of the author. 
The resistance of glass towards a bard blow is not 
high~ and the usual result is a shower of sharp, jagged frag-
ment. Porcelain engmel reacts in the same way except that 
usually one gets a chip off of the piece struck. The poor 
impact resistance of glass is exactly one of the main reasons 
why porcelain enameled kitchenware is on the downgrade. Al-
uminum, plastic and stainless steel pots and pans will only 
dent, and dents can be hammered out. Porcelain enrumel chips, 
which usually makes the pot look unsightly, and if the chip 
is deep enough, rusting of the ware is possible. The chipped 
area cannot be repaired short of returning it to the enameler 
for recoating. 
Not all porcelain enamel will chip when struck a 
sharp blow. The writer has repeatedly banged thin applications 
of certain porcelain enamels witho~t having· chippage occur. 
It has actually been proven by tests that a thick application 
of en~el will withstand chippage better on thick gague steel 
than will a thin coat of enrumel; however, as the gauge of steel 
* 55, P• 43 
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decreases and, consequently, will be dented more than thick 
gauge steel when the same amount of force is applied, a thin 
. . 
coat will not chip as much as a heavy coat. Many aluminum 
enamelers and fir.ms which market very thin gauge porcelain 
enameled steel advertise their product as can be "punched, 
4rilled, sa•ed, cut and 1~1tedly for.med without causing the 
enamel to flake or chip*"• What porcelain enamelers must do 
is to develop more thin enamel applications using thin gauge 
stock. It is not inconceivable to see that in the future, 
porcelain enamelers might very well coat steel stock, for.m 
it into shapes, and sell it as a very durable finish which 
is resistant to relatively moderate physical damage. However, 
enamelers will have to re-educate the public on the new ap-
plications, since the public only knows one thing: porcelain 
enamel will chipl 
The abrasion resistance of an enamel is a.ffected 
by its type, degree o.f maturity, bubble structure, etc. 
Most enamels, however, tend ~o fall within a certain class 
based on their hardness, i.e., the relative resistance to 
being scratched or indented by some other materials. Compar-
ison of mineral products like porcelain enamel and metals is 
somewhat difficult since different m$asuring scales are used. 
For minerals, Moh 1 s Scale of Mineral Hardness is used whereby 
minerals are assigned a certain number from 1 to 10, with 
* 61, P• 72 
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TABLE XI. 
RESISTANCE 'l'O :PHYSl1JAL ABUSE 
OF VARIOUS GRADES OF PORCELAIN ENAMEL 
'me of Abus~ Grade o:f Enamel 
-1:· 
Std. 1500° Low Fire Alum.Jnum 
Enamel 1250 ~ 270 -
Abrasion 100 ~ 50 % 40% 
Acid Solubility 100 % 37% 37% 
Alkali Solubility 100 % 29 % 28 % 
Thermal Shock 100 % 70 % 80 % 
-)~Note: All comparisons were made using the best available 
grade of normal maturing porcelain enamel glasses 
as standards. 
Source: Bryant, E;. E., "The Present Status of Porcelain 
Enamels, 11 Stove and -Appliance Builder, Washington, 
D. c., November, 1956, P•93. 
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increasing hardness co.ming as the number of the class increases. 
Minerals assigned to group 6 will scratch minerals in group 5, 
but they cannot be scratched by minerals in group 5. Porce-
lain enamel is usually rated as being in group 5 to 5i; how-
ever, this rating is usually applied to enamels which mature 
in the region of 1500 °F. The new, low-:rire enamels (1250-
1300 °F) are less hard, and enamels for aluminum (970 °F) 
even less so. (See Table XI for peculiarties of enamels which 
depend on their firing temperature.) 
Wben comparing metals, scales like Rockwell and 
Knoop Hardness are used. In the Rockwell scale a hardened 
steel point is used, and in the Knoop scale a diamond point 
is used to indent the metals tested to a certain amount or 
embedment of the point. 
The writer was able to locate a comparison between 
liioh1 s Scale and the Knoop H8.rdness Scale{~. Hardened tool 
steel is harder than quartz, which is assigned to group 7 of 
Moh's scale. Hence, some steels can easily scratch porcelain 
enamel. Not all steels will do this since the writer knows 
an acquaintance who has used a porcelain enameled table top 
for 20 years as a board on which various foods are cut with 
a meat knife. Another report** lis:Ced porcelain enamels as 
being as hard as stainless steel, aluminum, silver and knife 
blades of steel. A copper penny will leave a line of copper 
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behind when the penny is drawn across a porcelain enameled 
surface. Most organic materials like plastics can be 
scratched with a copper penny. 
There are several other interesting, but odd, uses 
of porcelain enamel with respect to strength considerations. 
In one case the coating of a metal (steel) with either a 
porcelain enamel coating or a re.fractory ceramic coating 
increased the endurance limit of the metal when the metal was 
subjected to rapidly fluctuating, reversing loads termed 
"fatigue testing. {~n In other cases, a vacuum-processed cer-
amic coating retarded the embttittlement of titanium by 30~~-:~ 
There has also been some investigation underway on the help-
ing aid or ceramic coatings (a variety of high meltil.\g 
porcelain enamel) in retarding "creep" at high temperatures, 
a ror.m of plastic flow when the metal is stressed at high 
temperatures. 
c. Heat Properties 
One or the oldest properties of porcelain enamel, 
which was utilized in such products as stoves, was its resis-
tance to heat. or the new&r applications the most prominent 
was the use of porcelain. enamel as oxidation resistant coat-
ings for metallic engine "hot" parts. Looking over the various 
properties to be considered, we have the t~~ee methods or heat 
* 91, P• 281 {H~ 45, P• 4 
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transfer: conduction, convection and radiation, and also 
the relative resistance to being consumed or affected by 
heat. 
Conduction of heat means the resistance of a mat-
erial to being heated. For instance, hot coffee in a china 
mug will remain hotter over a period of time than hot coffee 
placed in a plastic cup, because the plastic cup will pick 
up heat from the coffee quicker than the china cup. Plastic 
materials then have a bigher thermal conductivity than china 
(in some cases 1000 times as great). The thermal conductivity 
of metals tends not to be as great as plastics, but they still 
have much greater thermal conductivity than do ceramic mat~ 
erials. Furnaces are lined with ceramic materials exactly 
for the purpose of utilizing their resistance to the passage 
of heat. With respect to porcelain enamel, coatings are 
applied too thinly to the metal to achieve much of a heat 
barrier since the amount of heat retention has a direct bear-
ing on the thickness of the material being teated. For the 
company which can invent a way of applying porcelain enamel 
in appreciable thicknesses (say t to i inch which is well 
over 15 times the largest thickness now used) and still meet 
certain other standards, its future is assured in the air-
craft industry. A jet engine could be made to operate hot-
ter than it is now, and thus become much more efficient and 
powerful. 
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Convection means actual movement of heat by particle 
movement. It is not too important except for products like 
warm air furnaces; however, the smooth surface of a porcelain 
enrumel coating offers less resistance to the passage of heat-
containing air, and thus a wall should be slightly cooler. In 
some jet engines this factor may cause a slight temperature 
drop in the metal wall if the wall were to be coated. 
Radiation is a form of heat transfer by electromag-
netic waves. A simple explanation is to stand near a red hot 
iron bar. One feels the heat, but the temperature of the sur-
rounding air does not change much in proportion to the amount 
of heat felt; this rules out conduction. Convection is elimin-
ated since heated air rises and does not go sidewise. 
The ability to accept and give off radiant heat ener-
gy varies with materials, and materials are compared on the 
basis of a term called "emissivity value." Most people be-
lieve that dark objects accept heat and white objects reflect 
heat, which is true to a degree. An object which accepts all 
radiant heat applied to it is given an emissivity value of "ln. 
An object which reflects all of the heat applied is equal to a 
zero value. Most materials tend to fall somewhere between 
zero and one. What affects this value the most besides inher-
ent properties of the materials is the temperature at which 
the values are taken. At room temperature (70 °F), polished 
metals tend to reflect heat. This is the reason wlzy aluminum 
foil is used to insulate houses. Organic materials exhibit 
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variable heat reflectance tendencies. The writer can recall 
one fir.m which had a white silicone coating which was to be 
used on toasters so that it would heat rapidl~; however, 
they had to co~or it black to meet consumer acceptance, even 
though it tended to affect tbe properties of the coating to 
accept heat in an adTerse manner. Porcelain enamel bas a 
high emissivit~ at room temperature, and the writer has al-
wa~s be&n skeptical of porcelain enameled roof tiles, for 
the reason that attics could get quite hot when_porcelain 
enamel tiles start soaking up heat from the sun. 
At elevated te~eratures organic materials have 
long since been destroyed. As metals oxidize their emissiv-
it~ increases to almost unity. However, the emissivity of 
a ceramic material including porcelain enamel tends to fall 
* to so.me minimum point, and then it will start increasing. 
It is of value to enamelers appl~ing ceramic coat-
ings to metal en~ine parts to fabricate coatings which possess 
low emissivities. Such coatings could produce two very note-
wort~ and salesworthr advances: either cause replacement of 
a stainless steel with a cheaper metal containing less critical 
elements, or enable the temp«rature of the engine to be raise 
without increasing the wall temperature over present operation-
al l~its. These two possibilities are attempts at assuring 
metal qualities at elevated temperatures. All materials tend 
* 101, P• 12 
to lose strength as the temperature at which testing is taken 
increases. For instance, if a metal like type 321 stainless 
steel will operate satisfactori·ly at 1500 °F, is there ~ 
reason why it cannot continue to be operated at 1500 °F if 
insulated by cer~ic coatings even though the temperature of 
the engine be actually 1700 °F? Or, looking at the matter 
differently, one could replace '21 stainless steel with an 
insulative coated low alloy ste•l like chromalloy which can 
0 
operate satisfactority at 1200 F even though the operational 
0 
temperature is still kept at 1500 F. 
Before assuming that ceramic coatings are the answer 
to high t~erature problems, one must consider two other very 
important facets or the action of heat upon materials: com-
bustibility and thermal shock resistance. All materials are 
combustible, but the point is at what temperature it happens. 
Very few organics will last above 400 °F where they may still 
be of use as stable media. Certain plastics like 11kel-F" can 
0 
exist for very limited periods at 500 F, and silicones can 
go higher. It was interesting to the writer to have observed 
on occasion that temperature resistant paints are now avail-
able which contain porcelain enamel glass frits in combina-
tion with silicones and other organics. 
Metals and alloys can be very low-melting like lead 
and the alkali metals of sodium and potassium, or they can be 
very high melting like tungsten or molybde~ \Vhere metals 
exhibit certain poor characteristics is their resistance to 
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oxidation. Iron we all know melts at 2800 °F but rusts mer-
rily away at room temperature. Molybdenum would be the very 
metal to replace many other materials for use at elevated 
temperatures except that 1 t will oxidize in oxygen containing 
atmospheres quite readily a~ve Boo °F, and its oxide is vol-
atile. Unless it has a protective coating, a piece of moly-
bdenum will burn vigorously and disappear in puffs of yellow 
smoke at ·J.500 c,F, some .3000 °F below its actual melting point. 
An exRmple of an inherent protective coating is the oxide on 
aluminum. Freshly cut alumimnn .will quickly form a tight, 
adherent oxide which protects the aluminum from further oxida-
tion, something which iron oxide (rust) will not do for iron. 
The key to the ther.mal barrier are ceramic materials·;· 
since they are not oxidizable but only melt and finally vapor-
ize at very high temperatures. Cermmic materials are ~ong 
the highest melting materials known, for has one ever stopped 
to consider in what type of container do we handle a molten 
metal like iron? Glass and porcelain enamel are deliberately 
compounded to melt at relatively low temperatures. Window 
glass is usually melted at 2200 to 2600 °F. Porcelain enamel 
frits are smelted in that region or below; however, once the 
glass frit is made the melting point is considerably lower as 
shown by Table XII. 
Referring again to Table XII. one can see that 
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TABLE XII. 
PORCELAIN ENAMEL 
ENAMELING CHARACTERISTICS AND USAGE LIMITATIONS 
\Y.ffEN APPLIED TO VARIOUS METALS 
Temperature °F 
Metal Base Enamel Used Fusion Max. Use 
Aluminum Aluminum 970 600-700 
Cast Iron Cast Iron 1200-1400 1000 
Enameling Iron Sheet Iron 1300-1600 1000 -1300 
Low Carbon:Steel Sheet Iron 1300-1600 1000-1300 
High Carbon Steel ·Sheet Iron or 
Cast Iron 1200-1500 1000-1200 
Low Alloy Steel Ceramic Coating 1500-1800 1300-1500 
4oo Series Stainless Ceramic Coating 1500-1800 1300-1500 
300 Series Stainless Ceramic Coating 1500-2000 1500-1800 
Premium Metals Ceramic Coating 1500-2000 1500-2000 
Copper Aluminum or 
Cast Iron 970-1500 600-1000 
Titanium. Ceramic Coating 970-2000 970-1700 
S~ecial Considerations 
Aluminum enamels will cover all of the above materials in 
appreciable thicknesses without spalling. 
Sheet iron materials usually require some kind of ground coat 
enamel for good adherence. 
Stainless steels and premium metals usually cannot be coated 
with more than o.oo5 inches of enamel without experiencing 
flaking or spalling. 
source: Experience of the author in working with enamels 
of all types. 
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various varieties of porcelain enamel have great differences 
as to their resistance to heat. Suppliers or glass frit have 
not made any glass available in commercial quantities whose 
melting point is above 1800 °F, mainly for reasons of low 
volume, and as one supplier bas stated, "it tears the guts 
out of our smelters, and we only smelt Solar .5210 when we 
have to reline our smelters". 
Ceramic coatings are nothing more than combinations 
of high melting glass frits plus ceramic materials with high 
melting points like aluminum oxide. 
To protect metals fram being oxidized or corroded 
at high temperatures, there are three general rules applica-
ble in the est~tion of the writer: (1) the life of a cer-
amic coating is directly dependent on the latent oxidation 
resistance of the base metal to which it is applied; (2) as 
the temperature of operation increases, the life of a ceramic 
coating decreases at a much faster rate; and (3) the durabil-
ity of the coating depends on its composition and melting 
point since most coatings tend to be somewhat plastic at 
0 
300 F below their actual firing temperature in practice. 
Hence, porcelain enamel is in somewhat of a mid-way position 
between solid ceramic materials and organics. Someday they 
may be superseded by the perfection of cer.mets or ceremals 
(metals plus ceramic materials bonded together) or ceramic 
materials b onded directly to metals by a number of processes 
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now in the experimental stage such as 11 flam.e-spraying 11 or 
the electronic industry's metal-to-ceramic sealing techniques. 
Perhaps one of the greatest limitations of ceramic 
materials is their poor resistance to thermal shock in most 
eases. Thermal shock resistance means how well a material 
will withstand sudden changes in temperature without suffer-
ing a change in for.m or continuity. Not all ceramic materials 
have poor thermal shock resistance; however, since a white, 
hot chunk of vitreous silica can be dropped into cold water 
without shattering. 
Most metals have good thermal shock resistance, but 
organic materials present a variety of characteristics. With 
respect to porcelain enamel, the thinner the coating the better 
the thermal shook resistance. A ceramic coating called A-418 
can be dropped from 1600 °F heat into cold water without hav-
ing any chipping occur, and this cycle can repeated over ten 
times. The common, garden variety of ground coat plus cover 
coat enamel applications normally fail at 800 °F or less, 
which has been a problem that kichenware manufacturers have 
constantly had to solve. 
D. Other Properties 
Another property of ceramic materials is that they 
seYVe as good insulators to the passage of electrical current. 
Plastics are also good insulators and have replaced ceramics 
in certain installations, but because of their low temperature 
stability, their use is limited. :Metals can not be used 
except where electrical current is to be conducted. There 
is a budding field for porcelain enamel in electronic appli-
cations which are not suitable for all cerwmic bodies but are 
operating at too high a temperature for organics. As the 
writer views this region is between 200 and 2000 °F, since 
below 200 °F there are too many good organic coatings and 
above 2000 °F or even lower for that matter, porcelain enamels 
* become molten, and molten glaa11 will conduct electricity. 
Depending on the composition, the dielectric voltage 
breakdown strength of an ~namel will usually fall. between 
sero and 1000 volts per 0.001 inches of thickness. The high-
er values are usually characteristics of high lead-bearing 
enamels such as those used on alum,inum. 
E. Chemical Properties 
The general resistance of a material to corrosion 
depends on a great number of factors among which we have the 
type of corrosion, temperature and pressure conditions, dur-
ation of attack, and tl_?.e type of surface presented by the mat-
erial to the corrosion medium. 
For the type of corrosion we may have acid or alka-
line conditions, fluxing agents, molten materials or electro-
lytic action. For acid resistance we have metals like monel, 
hastelloy, and stainless steels, and for plastics very good 
* 88, P• 89 
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ones are polyethelene and ke~-f. Glasses can be used for years 
under attack by hot strong acids other than hydrofluoric acid. 
For alkaline resistance those same metals and plastics listed 
ab ove may be used. Most glasees tend to be attacked by alka-
line media, but there are sa.me which can resist the attack 
quite well. De-enameling parts of damaged porcelain enamel 
is quite often accomplished bJ use of highly alkaline solutions. 
A more apparent example to the reader is the attack of sea 
water (alkaline} on various materials. Aluminum should not 
be used near the sea shore since it will become pitted; how-
ever, there have been panels of porcelain enameled steel 
placed within 5o yards of the ocean which have shown no cor-
. ~i-
rosion after 15 years. 
Fluxing agents are materials which have a solution 
action on materials. For instance, vanadium compounds in 
fuel oils will be present as a vapor, and in a high tempera-
ture gas stream, the vapors will corrode materials quite rapid-
ly. Lead and phosphorus are other notorious offenders. About 
the only method used is to put strips of various materials 
in a particular environment anc1~watch the type of attack. 
Most molten materials like metals are held by 
special high melting ceramic materials called refractories. 
Molten plastics are usually poured into metal or glass molds. 
Porcelain enamel can be used to resist molten zinc and lead 
~· 93, P• 356 
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or certain other lower melting materials. There are about 
two serious cases of molten mater~al corrosion which have 
resisted solution as to the best resistive material. Molten 
aluminum at only 1300 to 1500 °F will attack virtually every-
thing. At present cast iron seems to be the best, but it is 
not good enough to satisfy the aluminum industry. Molten 
aluminum usually attacks a high melting porcelain enamel by 
eating its way through the enamel at the metal-air interface. 
Upon reaching the metal base, the aluminum alloys with the 
metal base making it extremely brittle. The other case is the 
attack of the molten alkali metals. Atomic reactor develop-
ment has been impeded because these metals are quite efficient 
heat transfer mediums, and if these molten metals could be 
used, more practical reactor designs are possible. Porcelain 
enamel will only last a few hours under the attack of molten 
alkalies. 
Electrolytic action means corrosion by electrical 
cells. For instance when two metals are placed in a non-
neutral solution, one will be corroded but the other will 
not be corroded. Assuming that only one metal was in the 
solution, neither one might be corroded. Plastics or glass 
remain unaffected by such action. One oddity is that in 
glassed-steel hot water tanks, a magnesium anode is placed 
so that it can be corroded rather than any uncoated iron in 
the tank. However, this type of protection is used in a 
number of places, especially ship parts under water. 
77 
There is one other special type of corrosion, and 
that is hot steanw Water does not seem to be too har.m£Ul, 
but as a very hot vapor under pressure, it will destroy many 
materials. In one case of which the writer bas personal 
knowledge, a hot water tank enamel normally used in such 
0 
applications was literally dissolved by hot steam at 6oo F. 
Temperature is an important factor in corrosion. 
Increase the temperature and the corrosion rate is usually 
increased by mor~ than a proportional amount. Hence, plastics 
and other organic materials are only useful for low tempera-
ture applications. Glass, ceramic and stainless steels are 
the predominate materials used for high temperature corro-
sion resistance. Chemical companies are now going to pro-
cesses which operate at higher temperatures than in the past 
since reaction rates and yields are bettered. ~s offers 
more applications for porcelain enamel. 
Most often a very fine finish on materials will 
resist corrosion better than a rough finish. A rough finish 
tends to collect atd hold corrosive media which allows the 
media to perform its action with thoroughness. Companies in 
the porcelain enamel industr.y know that a glossy finish is 
best where corrosion resistance is desired. Matte finish 
enamels even of good acid resistance will not weather as 
well as the same enamel only with a glossy surface. 
Som~hat akin to surface finish are two cleaning 
factors to consider. In the common exterior and interior 
environments a material should be relatively and easily cleaned. 
to restore the material to its natural state. One may wash 
paint, but in time, especially on building exteriors, the only 
solution to paint cleaning problems in another coat of paint. 
Porcelain enamel of a good grade can be washed off simply 
with soap and water for years without damaging the surface. 
This is one of the very reasons for choosing porcelain enamel . 
over paint for use on building exteriors since the extra 
cost of porcelain enamel over paint will be retrieved over 
the years in lowered maintenance charges. Plastics in time 
are vulnerable to outside weathering action which makes their 
cleaning hard. Only stainless steels and metals which do 
not rust can be restored to their natural beauty with simple 
cleaning. Materials like brick, stone and concrete pick up 
dirt, and buildings made of those materials are periodically 
cleaned by sandblasting. 
In the nuclear age one speaks of decontaminability, 
i.e., the easiness of removing radioactive materials from 
various surfaces without having the ~surface itself remain 
radioactive. Good acid resistant grades of porcelain enamel 
compare favorably with glass and stainless steel in this 
respect. Plastics and other organic materials tend to become 
radioactive. 
On the aesthetic applications, earthy materials 
present the distinctive color and texture of their constitu-
ent minerals. Metals have their own individual luster, but 
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their color normally is not changeable. Stainless steel for 
example is available in varying surface finishes, but the 
metallic luster is still there. About the only metal avail-
able in varying shades of color is anodized aluminum. But 
actually anodizing is a form of dyeing the aluminum oxide 
film on aluminum. The color can be permanent if the process 
is performed just exactly right; however, one salesman from 
a concern marketing gold screening pastes stated that his 
business has regained some lost sales ground beeause the gold 
anodized aluminum was not standing up too well. 
Paints can be made in all varieties of hues and 
finishes, but they ten to fade and dull in time. Many ceramic 
materials, and especially porcelain enamel, can be made in 
almost an unlimited variety of colors and finishes but which 
have the quality of permanence. There have been some colors 
which have faded, but corrective measures have been taken to 
assure permanence once the causes were discovered. 
F. Summary 
In summation, porcelain enamel is the only material 
which has such a wide variety of excellent properties with 
but few deleterious ones. It will not rust or burnJ odors 
or ger.ms are easily removed, because it is so easily cleaned. 
For ordinary household work surfaces, it is the hardest sub-
stance. Its limitless color and beauty will not fade. Por-
celain enamel formulations of the right type can be made to 
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resist most strong chemical corrosive agents. Because it takes 
advantage of the strength of the metal to which it is applied, 
it can be used as a structural material to some ~xtent. The 
main disadvantage is its brittleness, a factor w~ch may come 
int t~e to be less a problem when new handling and processing 
techniques have been perfected. 
Of those other materials of a practical nature, only 
stainless steel, aluminum and other cerwmic products can co.m-
pare favorablJ' with porcelain enamel in the possession o:f so 
many good physical properties. However, :for any one applica-
tion, many materials can be competitive, and they will appear 
in varying grades, among which the customer may have consider-
able freedom of' choice. 
IV. :Deve=h£Ement of the Product Line 
For the purposes of this study the writer will 
divide the chapter into several major parts. The first part 
will concern the present uses of porcelain enamel, some of 
which are so young t~~t one could call them new uses without 
any contradiction. In the second part a discussion will be 
made about revitalization of old products either out of use 
or for which interest now is declinin~. A section will be 
devoted to new products and processes. The concluding sec-
tion will itemize standardization and simplification or di-
versification problems applicable to porcelain enameled 
products or processes. An analysis of the relative sales 
worth of porcelain enameled products suitable for jobbing shop 
use will not be discussed here, but it may be found in Chapter 
V. under the section entitled "Sales". 
A. Pres~_nt. Uses 
1. Appliances 
Referring to Table XIV one will see that there are 
approximately.34 recognized large volume products or areas of 
concentration. Most of the appliance products are recognizable 
to everyone. Porcelain enamel has been found to be the most 
suitable material for use on major stove areas.,:-. Heat resis-
tance and permanence of color and finish are the pr~e requi-
sites, thus on a price basis stainless steel and anodized 
22, p. 4 
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TABLE XIII. 
PP..ESENT PORCELAIN EUAMELED 
PRODUCTS VERSUS COTh~ETING MATERIALS 
Product 
Gas Ranges 
Electric Ranges 
Built-in Ovens 
Refrigerators 
Freezers 
Showcases 
Washing Machines 
Clothes Dryer 
Hot Water Heaters 
Incinerators 
Dishwashers 
Ironers 
Space Heaters 
Parts Covered 
Appliance Products 
Oven, top, sides 
Competing Materials~~ 
stainless steel, glass, 
plastic trim, anodized 
aluminum 
swme as for gas ranges 
same as for gas ranges 
Interiors, exteriors, 
shelves, pans 
paint, anodized alumi-
num, plastic, chrome 
plating 
same as for refrigerators 
Interiors, exteriors 
Water tops, case, 
door 
Spinner, door, top, 
case 
Interior tank 
All areas 
Inside, case, top 
Iron base, shell 
Shell 
paint, aluminum, 
plastic, stainless 
steel 
Stainless steel, 
paint 
Galvanized iron, paint, 
stainless steel, chrome 
plating 
monel, copper, stain-
less steel, galvanized 
iron 
Galvanized iron, cast 
iron, iron, stainless 
steel, brick. 
Glass, paint, stain-
less steel 
Paint, plastic 
Paint, plastic, cast 
iron, steel, galvanized 
iron 
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TABLE XIII. PRESENT~PORCELAIN ENAMELED PRODUCTS VERSUS 
COMPETITIVE lMTERIALS (continuation) 
Product 
Roasters 
Bathtubs 
Sinks 
Lavatories 
Urinals 
Drinking Fountains 
Bathroom Fixtures 
Shower Stalls 
Kitchenware 
Tables 
Hospital ware 
Chemical, platic 
and rubber industry 
Parts Covered 
Inside, outside 
Competing Materials 
glass, aluminum, chrome 
plate, stainless steel 
Sa~ita!1!a!e_P~odu£t~ 
All over, but fibreglass 
mainly on inside 
Usable portion stainless steel, china 
Usable portion stainless steel, china 
Usable portion stainless steel, china, 
galvanized iron 
Top stainless steel, chrome 
plate 
All over stainless steel, glass, 
plastic, china, cl1rome 
plate, paint 
Case stainless, steel, galas, 
plastic, paint, chrome 
plate, aluminum, galvan-
ized iron 
~n~~l!!a!:e_ 
pots, pans, pails, 
cooking utensils 
top, legs 
bowls, pans, etc. 
aluminum, stainless steel 
glass, anodized aluminum 
plastic, galvanized iron 
paint, plastic, stainless 
steel, wood, aluminum 
stainless steel, glass, 
china 
tanks, piping, valves 
pumps, conveyors, con-
tainers, sheets, walls, 
caps, chutes, etc. 
plastic, various 
coatings, stainless 
steel; aluminum, 
paint, glass, allo~s 
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TABLE XIII. PRESE~ PORCELAIN ENAMELED PRODUCTS VERSUS 
COMPETITIVE l~TERIALS (continuation) 
Product 
Drug, :rood and 
beverages 
Aircra:f't and Auto-
mobiles 
Electrical 
Textiles 
Conveyors 
Re:f'lectors 
Signs 
Gas Stations 
Buildings 
Chalkboard 
Parts Covered 
tankB,·piping, trucks, 
liners, chutes, ovens, 
walls 
combustion chambers, 
nozzles, mu:f':f'lers, 
valves, exhausts 
coils, capacitors, 
resistors 
thread guides, drying 
ovens, tanks, drums 
coal, grain, package, 
minerals, clothes 
f'luorescent, incandes-
cent, lampholders 
Qoas!~cti_£n_ 
neon, stock, letters, 
street, identi:f'ication 
custom 
Facade 
Competing Materials 
stainless steel, 
glass, whitewares 
alloys, stainless 
steel, cast iron, 
black iron. 
organics, solid cer-
amics, coated metals 
plastics, whitewares 
glass, stainless steel 
stainless steel, iron 
aluminum 
paint, aluminum 
paint, plastic, 
glass, aluminum, 
stainless steel 
paint, wood, stone, 
brick, aluminum 
about 50 materials Sidings, roof' 
writing surface, 
interior walls 
slate, glass, paint, 
wallboard, etc. 
Qeae£a1. ![.OJ?.b,!n,g 
General jobbing includes a multiplicity of' itmes like gass pumps, 
well covers, etc. for which some dustomer desires porcelain ena-
meling. All large jobbing items wvich stand alone on volume are 
listed above, many of which are exclusively jobbing products. 
*Note: ... Paint usually refers to the organic coating placed on 
steel. 
Source: Physical check and Porcelain Enamel Institute literature. 
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aluminum are limited in use. The cheaper plastics cannot be 
used in 11hot" areas. Glass appears to be the only real com-
petitor, and the ~~iter has seen virtually all glass ovens, 
especially of the new "electronic cooking" type. If electron-
ic applications become less costly it may very well cause the 
death of porcelain enameled stoves. 
Corrosion and abrasion resistance, ease of cleaning 
and odor impermeability are prime reasons.for the use of porce-
lain enamel on refrigerators and freezers. Some refrigerator 
pan business has returned to jobber-s as the result of the 
failure of plastics, which had been substituted for those items 
after World War II. The major use of porcelain enamel in re-
frigerators and freezers is the inside shell. Curiously, few 
freezers have any porcelain enamel in their construction. It 
would appear to the writer that freezer interiors could be 
expected to take more abuse than refrigerator interiors due to 
icing conditions and abrasion. Only Frigidaire applies porce-
lain enamel to the exteriors of some of its refrigerators. 
\Vby porcelain enamel is not used more depends on one significant: 
point: America has been so conditioned by national advertising 
to regard any item as not fit for use by average people if it 
is more than a few years old, that the selling advantage of 
porcelain enamel as::a lifetime finish presents no advantage 
whatsoever. Since porcelain enamel costs more than paint at 
this time, a manufacturer will tend not to use porcelain enamel 
if painted surfaces will last for as long ae the relatively 
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short period that people desire. Bear in mind that this 
factor is applicable to all other appliance products, except 
where porcelain enamel is unquestionably needed. 
Refrigerator showcases are made primarily for food 
product distributors and retailers. The advantages of porce-
lain enamel for refrigerator showcases have tended to be dis-
counted now. New stores do not want to risk any chance of 
unsightly, chipped showcases in their stores. Loss of sales 
has occurred because the small independent grocers are becom-
ing less numerous, and display cases in the large supermarkets 
tend now to be of the open type, which cuts down the square 
footage of porcelain enamel in any one installation if it is 
at all used. 
Porcelain enamel only needs to compete with the more 
expensive stainless steel for washing machine interiors be-
cause outstanding corrosion resistance is desired. There the 
matter ends because of the uti~ity factor. Porcelain enamel 
has tended to be used on the wa~her top, but paint is mainly 
used on the outside case. Even in the dryer some of the in-
terior parts may not be porcelain enameled, but they usually 
are. Frigidaire seems to be the only manufacturer which has 
consistently used porcelain enamel on all major parts of 
dryers and washers. 
Some trouble has been experienced with enameled hot 
water tank interiors because of hot water corrosion. Monel 
and copper still remain the standard for quality so porcelain 
enamel must compete with low cost galvanized steel tanks.-::-
Space heaters have been and still are old jobbing 
shop products. They consisted essentially o£ cast iron stove 
interiors around which an attractive porcelain enameled shell 
was placed. Essentially, porcelain en~el has weathered the 
storm of competitive products because it is the only finish 
which will retain its colorful luster under high heat. 
Porcelain e~eled roasters have graduated to the 
appliance class from their former status as a kitchenware 
product. The roaster of the past has just been placed in a 
fancy case equipped with heating units. The case itself 
apparently is not being coated too extensively since most of 
them which the writer has seen present shiny chrome-plated 
exteriors. 
The newer appliance products which are being porcel-
ain enameled are incinerators, dishwashers and ironers. All 
make use of porcelain en~el 1 s beat or corrosion resistance 
or both. Automatic gas kitchen incinerators may well prove 
in the future more useful in the home than the relatively 
new automatic garbage chopper under the kitchen sink. Dish-
washer and ironer sales have never seemed to meet even the 
most conservative estimates. 
2. Sanitaryware 
Porcelain enamel and china are virtually the only 
major finishes or materials on these items. Bathtubs 
~~ 30, P• 72 
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are either porcelain enrumeled cast iron or pressed steel. A 
stainless steel bathtub would be a little bit too cold ror 
the user and would tend to cool water at a faster rate than 
porcelain enameled steel. China is not used since a tube is 
too large an object to make competitively and still provide 
years or d~age-rree operation. At times the writer has seen 
advertisements about fiberglass reinforced plastia bathtubs, 
but they could not stand usage requirements. A housewife 
could use a can of some household scouring powder on a plastic 
tub, and within a Short period the finish of the tub would be 
irreparably scarred. 
Both porcelain enamel and china compete actively 
for lavatories, sinks and urinals, with stainless steel a very 
poor third. As the quality o~ the installation goes down gal-
vanized iron may even be used. For drinking fountains stain-
less steel and chrome plated steel have become more common. 
For bathroom fixtures one can find a myriad number of items. 
Most or the china and porcelain enameled fixtures tend to be 
included in tiled walls as an integral part of the whole in-
stallation. The field is also wide open ror various materials, 
although many oft he materials used could not withstand hot 
water for any great length of time. 
3. Enamelware 
Porcelain enameled kitchenware products made will 
cover just about every item used in home food handling, ex-
elusive of cutlery. For hospitalware items it is round that 
they are essentially various for.ms of receptacles or siding, 
which are needed for sanitary reasons. Stainless steel appears 
to have made great inroads on hospita~ware products, and in 
the kitchenware field stainless steel with or without a copper 
bottom has become the quality product. The chief other pro-
ducts in kitchenware are aluminum and glass. 
Metal table tops which have been porcelainized were 
primarily used as utility or kitchen table tops. At present 
this field appears to be dominated by various plastic products. 
4. Industrial Equipment 
When a manufacturer attempts to sell to industrial 
markets the technique used is quite different. Porcelain ena-
mel is sold to industrial markets on the basis or primaz-ily 
its corrosion resistance, easy cleaning, or other desirable 
physical properties, and it is not one of pleasing finish. 
For instance, rubber fir.ms use it in processing operations 
because rubber will not adhere to it. The drug, food, and 
bev~~age industries want porcelain enamel because it will not 
contaminate their products. Automotive and aircraft industries 
want parts coated with high temperature enamels like A-418, 
A-19 or Solar 5210-20 because they desire oxidation resistance. 
and longevity for their parts operating in hot environment. 
The textile industry is looking for abrasion resistance or 
corrosion resistance. The abrasion factor comes from the cut-
ting action of threads moving at high speed over supporting 
surfaces, while corrosion resistance is desired where certain 
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fluids are used in synthetic fiber manufacture. 
The number of competitive materials appears endless• 
but general trends in the various fields can be noted. In the 
drug, food and beverage industry stainless steel appears to 
be replacing porcelain enamel since it is comparable to enamel 
in the qualities desired by that industry, but it has none of 
the fragility of porcelain enamel. The chemical, plastic and 
rubber industries tend to use the particular material which 
will best fit each individual application. Porcelain enamel 
cannot possibly fill all those applications. An example of 
the above fact is that the two large companies specializing 
in industrial porcelain enameled products (The Pfaudler Corp. 
and the A. o. Smith Corp.) supply not only parts coated with 
pol'celain enamel but also have product lines of stainless 
steel, plastic and many other corrosion resistant materials. 
For aircraft parts the choice is between premium 
metals and ceramic coated alloys of a poorer grade than the 
premium metals. That choice depends on a great number of 
metallurgical and operational factors, and the decision of 
which material to use rests on the opinion of the engineer 
responsible for the performance of his company's products. 
General Electric Co. for example encourages ceramic coating 
development because it appears to open the way to future high 
temperature applications or can be made to substitute for 
certain critical materials when they became unavailable. On 
the other hand, Pratt and Whitney Aircraft Company has tended 
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'to stick with premium alloys. This choice can be extended to 
the automotive industry but for a different reason. Auto 
manufacturers would rather have their cars wear out rather 
quickly. All of their mercv~ndising is based on the fact 
tv~t a new .car is always better than one which is only a few 
years old. Trucking fir.ms take the opposite view. Most of 
their fixed asset funds are represented by their trucks; 
consequently, if a ceramic coated truck muffler can last three 
times as long as one which has been uncoated and the price 
difference between the two is not signific~t, they will use 
coated mufflers, and they are doing so now. 
The textile industry seems to have gone to case-
hardened or carbide coated metals or whitewares which have in-
creased hardness, and thus more abrasion resistance, than 
porcelain enamel. However, in the electrical industry the 
situation seems reversed. \Vhere the cheaper organics were 
used for insulation resistance, porcelain enamel and solid 
cer~mics are now being shown increased favoritism. Ceramics 
are replaeing glass because higher temperatures and power 
factors cannot be used with glass envelopes or tubes. Porcel-
ain enrumel can replace organic insulation because it can be 
applied to metals easily, and yet, it can retain its insulative 
qualities_at higher temperatures than can organics including 
silicones. This new use seems to be neglected. 
Porcelain enamel applications to conveyor systems 
rests principally on abrasion resistance, but it is subject 
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to certain other factors. Coal chutes are enameled for abra-
sion resistance, but also because the slick surface allows 
coal to go dawn the chute faster. This characteristic of 
porcelain enamel, unless the enamel was matte, would be dele-
terious if the enamel was to be applied to conveyors where 
friction is necessary to move the materials. It is axiomatic 
that porcelain enamel cannot be used where the abrasive medium 
which is transported is harder than the enamel coating and 
where too much impact resistance is desired. 
Among the various groups of industrial products, 
porcelain e~ameled reflectors have perhaps the most clear-cut 
line of use. The choice between a painted or porcelain enam-
eled reflector depends on price in some installations, but in 
others it depends on least maintenance coat_ over a period of 
time. Home and office reflectors do not receive much abuse, 
and therefore, the lower cost painted reflectors are use4; 
however, in industrial shops under corrosive conditions and 
applications open to the atmosphere, porcelain enameled reflec-
tors are preferred. 
5. Construction 
Porcelain enameled signa have been found which even 
though sixty years old are still in serviceable condition. 
Enameled signs than compete with aluminum and stainless steel 
for_ quality sign work. For cheaper signs, paint is generally 
used. Plast~e signs have made inroads on business formerly re-
served for porcelain enamel, but of a more serious nature there 
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has been the competition from the new glass signs with interior 
lighting. Both plastic and glass signs have greatly affected 
. neon sign work. Porcelain en~el was used for neon sign work 
for its light reflection properties, but it naturally cannot 
be lighted by interior means because of the steel base. 
Oil companies have now gone almost completely over 
to porcelain enameled gas st~tions both for new and remodled 
construction. Gas station enameling has been so standardized 
that the cost is now relatively cheap, and because of the 
bright, non-fading colors of corrosion resistant porcelain 
enamel, it is doubtful if other materials will compete with it. 
The competition mainly appears to be a choice between flat 
enrumeled sheets laminated to some backing material and straight 
for.med porcelain enameled panels. 
The build~ng industry is characterized by its great 
number of materials. Most of the construction can usually be 
separated into wood or pressed fibrous materials, stone or 
. . . 
masonry, and metal buildings. Wood, stone and masonry construc-
tion has tended to dominate the industry for many years. Metal 
buildings were of the industrial type, or metal was more common-
ly used as a skeleton around which other materials were used. 
Metal-clad and porcelain enmmeled exteriors or buildings are 
relatively recent developments. The use of porcelain enamel 
for architectural applications was primarily limited to gas 
station work and small store fronts prior to World War II. 
The greatest change in design of buildings which has 
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occurred £or so.me years bas been the development o£ curtain 
walls with the liberal use o£ glass to provide buildings with 
clean lines and maximum light penetration. Curtain walls are 
simply large, colored prefabricated metal building panels 
which can be placed over a strong skeleton made o£ steel or 
rein£orced concrete. The panels provide a complete wall unit 
with a finished exterior and interior. Their main advantages 
were thinness, low weight, of good insulating value, durabil-
ity, resistant to fire, wind and water; and above all, they 
could be erected quickly and cheaply with the least amount of 
~ labor • 
The rise o£ pre£abricated curtain walls was the 
greatest boost to jobbing shop sales that has occurred to 
them because architectural products were primarily jobbing 
shop items. One well known architect succinctly stated the 
need for porcelain enamel;~:· "The only known satis:ractory 
method of applying a .permanent color other than gray to metals 
is that o:r porcelain enameling; and enamel, in the case o:r 
steel, is the most satis£actory corrosion preventative. Thus, 
in my opinion, porcelain enamel curtain walls will be a major 
if' not the most important :factor in the development o:r building 
tn>es during the next ten years." Many major buildings have 
been erected using porcelain enameled curtain wall or spandrel 
panels since virtually a standing start in 1947. Examples are 
United Mine Worker Hospitals, General Motors Research Center, 
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McClintock Jr. High School in Charlotte, N.O.; and the General 
Telephone Company building in Santa Monica, California. 
The principal competitors of porcelain enamel for 
curtain wall construction are stainless steel and aluminum. 
Both of those materials are licking their color deficiency. 
Through the process of anodizing, al~num can be colored 
and given added corrosion resistance. Both stainless steel 
and aluminum are being covered with porcelain enamel, too, 
which has opened up still another field to jobbing enamelers. 
The first porcelain enameled stainless steel paneled build-
ing made its debut in 1956:;. The advantage claimed is that 
stainless steel only needs to be enameled in part like alumi-
num. Porcelain enameled aluminum has been in the field now 
for some eight years without deterioration. Some installations 
have not fared so well~ however. Essentially, stainless steel 
and aluminum had to be porcelain enameled in order to be con-
sidered for colored applications. The only note of a new build-
ing material equal to porcelain enamel for spandrel applications 
that the \vriter could find was a new 5/16 inch tempered and 
vitreous enameled glass plate baclced to aluminum to reflect 
heat.~r::-
Another relatively new ~se of matted porcelain enamel 
has been for chalkboards. Slate was displaced because of its 
cost, size and color limit~tions. One now finds hot competition 
on this product rumong porcelain enameled metal, glass and 
plastic chalkboards. 
6. General Jobbing 
The last category of present uses of porcelain 
enamel is called general jobbing • It means the miscellan-
eous class of products which are made by jobbing shops. Most 
of them are of not sufficient volume to be isolated in a dis-
tinct category, but nevertheless, for any one jobbing mop, 
the product may be quite important. Examples are tile, gas 
pumps, dispensers, escalator risers, parts or vessels of 
so.me type from a nearby manufacturer, murals, artware, etc. 
B. Revitalization of Old Porcelain Enameled Products 
If the reader will refer to the history of the porce-
lain enamel industry in Chapter II of this thesis and compare 
the old products with those of current use listed in the immed-
iately preceding section he will find that they are the same 
except for additions or minor changes in design made over the 
years. Some of those products, however, are on the decline. 
' 
The enamelware field is about ready to pass into oblivion. 
What can be done to revitalize the enamelware products of 
table tops, kitchenware and hospit~lware? 
1. Table Tops 
The consensus of opinion conveyed to the writer from 
"old enamelmen11 about the.decline in table tops was that they 
were never designed right. Vrhen a cheap but seemingly durable 
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enough material like plastic c~e along, consumers wanted 
something new and colorful, which it was. They did not like 
either the white expanse of porcelain enrumel or its various 
simulated textures like wood graining; nor did they like 
its cold look or tttinny" sound• The writer believes that 
what is needed is a lower cost application and a more color-
:f'ul design. 
For a low cost installation table tops should be 
made in a one-coat operation, and the enamel is to be applied 
to thin gauge metal. The top then will be laminated to a 
cheap :fibre board. The various one-coat applications which 
could be used are explained under the new processes section 
immediately :following this section. Principally, those pro-
cesses which appear to be most worthwhile are enameled al-
uminum :foil, mirrawall or colored ground coat-titanium enamel 
mixtures. The tinny sound should be reduced by the laminating 
board and the cold look be eliminated by the use of colored, 
semi-matte enamels. For better design try very light stippl-
ing or veiling, and also, attempts should not be made to keep 
everything in porcelain enamel. 
One writer stated that porcelain enameled table tops 
would continue to lose favor unless placed on tables of good 
.. 
design • ._,. Contrast between dissimilar materials always tends 
to heighten design, and if steel is used the edges must be 
covered as well as the laminating baseboard edges. Outside of 
tough distributional problems, there is no reason why the 
sheets could not be sold unlruminated just as is plastic, too. 
2. Kitchenware 
In the early 1930 1 s the most prevalent for.m of 
kitchenware was porcelain enameled pots and pans and china 
dishes. Just before World War II, aluminum and pyrexware 
began to compete with porcelain enamel for pot and pan business. 
During the war plastics were given a chance at the market. 
After the war the nevver plastics such as melamines and p6ly-
ethelenes began to erode both sales of China dishes and por-
celain enameled pots and pans where heat resistance was not 
too important a factor. Stainless steel with or without a 
copper bottom (copper bottom pots are usually "revere ware") 
together with pyrex ware and aluminum competed for the "hot" 
uses. vVhat this competition has meant to the porcelain 
enamel industry can be seen by the steady decline in plants 
manufacturing enamelware--from 30 to 40 plants in 1920-1930 
to 15 in 1947 and to 6 who still specialized in 1956. 
Industrial trade magazines are constantly exhorting 
kitchenware manufacturers to get out and sell, but that prob-
len, though serious, appears not to have been the main one. 
According to the opinion of a sales engineer of a ceramic 
supplier with whom the writer spoke, enamelware failed because 
the manufacturers were always trying to cut costs without re-
gard to its other effects. One method used was lighter gauge 
steel, but when the pan would be banged on a radius, the enamel 
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would chip because of its thickness. A thicker application 
will withstand impact on thick gauge metal better than on 
thin gauge metal. This fact was corroborated by a retail 
hardware store proprietor to whom the writer spoke. He 
stated that if good first quality two or three-coat enamel-
ware was put out and tha housewife told how to use it prop-
erly, the enamelware business would not be in such a sorry 
. . 
state. Most of his enameled kitchenware was sold to old 
people while the younge~ generation tended to want revere 
ware, aluminum or pyrex. This proprietor also stated that 
·distributors had become somewhat dis~clined to handle cer-
ta.in l~es of. enamelware if their volume was not large or 
was declining. 
Another factor was its esthetic appeal to customers. 
Rather than have white pans ~ith red or black beaded edges, 
color was. finally m~re liberally used only within the last 
few years. The old, dark one-coat graniteware pans have been 
replaced by colored grey speckled ware C?nsisting of ground 
coat-titanium cover coat enamel mixtures~ 
On a price basis porcelain enamel pans are definit& 
ly competitive. For a two-qu~t pudding pan with ~id~, a 
revere ware pot is worth $7.50; an aluminum pan $1.95; a 
.. • - + 
pyrexware pan $2.25; and a porcelain enameled pan $2.10. 
The problem of manufacturing shock r~slstant ~~l­
ed pots and pans is now well on its way to be!ng solY~d. 
-::- 71, p. 88 
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Better designs are coming out. These changes have come almost 
too late for now kitchenware manufacturers must resell the 
. -
public on the rrnew, colorful, chip resistant porcelain enameled 
pots and pan." Any_help ~ba~ can be_given this area should 
be given by jobbers. A revitalization of kitchenware products 
. . . 
would make it attractive for kitchenware enamelers who have 
. - ' 
turned to ~ebbing to go bac~ ~o ~heir specialt:r, and thus~ 
release more business to the remaining jobbers. 
3. Hospitalware 
Part of the problems associated with kitchenware 
are applicable to hospitalware. Design for esthetic reasons 
is not considered only insofar that usually white is desired 
since it ~bolizes cleanl~e~s, purity or sanitariness. Fbr 
actual sanitary reasons porcelain enameled hospitalware has 
only to compete seriously with stainless steel. The difference 
between the two apparently has been the difference in the a-
mount of abuse that each can take--porcelain enamel will chip 
but stainless steel cannot. With modifications of the newer 
applications of porcelain enamel which were used. for kitchen-
... - . .. . . . . . . .. 
ware, this factor can be reduced. To resell the medical pro-
- . 
fession is then the problem. 
4. Other Products 
Selling to the indsutrial equipment field has pro-
duced so.me sales slackening. The drug, food and beverage 
industry tends to use more stainless steel than in the past 
and for much the same reasons that were given for the decline 
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of hospitalware porcelain enameling. Although the problem is 
similar ~o hospitalware, the enameler ~s quite lfmited in: 
what he can use _in the way of coatings. About the only 
method which can be used is to develop shock resistant enam-
- . 
eled applications which ~il~ meet prescribed tests. 
Space heater sales are on the decline principally 
due to modernization and urbanization. No one wants a big 
space heater sitting in hies living room unde~ modern views 
of-interior decoration and ho.me construction. They would 
be used for homes with0ut cellars to contain a fUrnace es-
pecially in the rural market, whi~h is shrinking. For those 
~s which do not have cell~s _bui~t-in and out-of-sight 
modern heating systems are now used. The product will be-
came extinct through the inexorable process of technological 
change. 
Porcelain enameled si~s have experienced competi-
tion from a number of materials. Interior lighted signs are 
expensive but are here to stay. Look at the beer advertis-
fng signs now in comparison to the old porcelain enameled 
neon signs. The effect is quite striking. Porcelain enameled 
signs will not experience anything more than a readjustment of 
sales reflecting the loss of such business. As long as paint 
manufacturers must advertise their wares on porcelain enamel~ 
signs becaus_~ their. fiD:ish will not hold up under the r1~ors 
of outdoor exposure, poreelainenamel cannot be replaced. It 
seems that sales personnel should go after more of the sign 
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business which is now going. in plastic or paint materials. 
Some progress is being made. Development of better lighting 
techniques which will make maximum use of porcelain enamel's 
. . . 
reflectance is being done. Sign 'glariness" is being reduced 
through new lighting arrangements. This factor worked to the 
disadvantage of porcelain enameled signs in the past~ 
c. Special and New Processes 
This section is devoted to special noteworthy pro-
cesses w~~ch are but slightly in use, brand new, or through 
disinterest at the time they were invented, were discarded 
but which now may have some value. Some straight-forward 
enameling techniques to produce various finishes will first 
be explained to be followed by sections on one-coat process-
ing an~ oth~r interesting applications. 
1. Various Finish Processes 
It seemed unbelie•able the number of processes for 
producing various finishes in porcelain enamel that the writer 
found through research of the available literature on the sub-
ject. The common porcelain enamel is a simple white, black 
or colored finish which has been matted or kept glossy. 
Stippling is the variance used mainly to produce surface 
bumps of the same color or different color, but very few of 
these processes found are now_ llsed eVeJ?- though they have 
been known to the trade for many years. Perhaps, by contin-
ually changing to new design for.ms, the design of ceramic 
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products will always appear fresh to the consumer. In the 
1930's porcelain enamel was a barren white or cream color, 
now color and other effects are desired. The writer suggests 
that the reader look over the following processes to see if 
one might fill a present need. 
The basic ~namel finish presents a clear or an 
opaque glo~sy .t.inish. When co~oring oxides are added, a lm.e 
will be imparted to the e~l.. By the use of incompatible 
glass mixtures or matting agents like silica or alumina, the 
s11rface gloss can be controlled .from virtually a dead matte 
presented by ~ chalkboard surface to the brilliant surfaces 
used on signa~ 
The first variation would be to create significant 
hills and valleys in the coating, and it is commonly done 
by applying enamel not by normal_ spraying procedures but by 
cutting the air supply down to next to nothing so that the 
enamel will spurt out in large drops rather than a fine mist. 
If the drops are .first appl~ed, dried and fired, and then a 
se~ond coat of enamel is applied by normal procedures, the 
SUI".face Will a wear wavy • The writer terms this finish a 
~.ripple 11 finish. By applying tll,e droplets as the last coat-
ing one can get three variations: "stucco 11 where the stipple 
is the same .color as the base coat to which it is applied; 
"two-tone" where but one stipple is applied but of a dii'i'erent 
. . 
color; and "granite" or "polytone" where two or l!lore stipples 
of different colors are applied to the base coat. Variations 
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of these finishes can be achieved by the size of the droplets; 
quantity of stipple applied, and whether the stipple is appl-
ied to a wet or dry base coat. 
Three old variations that the writer found different 
from those above are "wrinkling","crinkling", and "snowflak-
ing". To wrinkle an enamel one sprays two different cover 
coat enamels together, one of which is saturated by an opac-
ifier. ~:- The process for crinkling an enamel is explained 
in US Patent 21 210,556 dated August 6, 1940. To produce the 
finish one spreads over a base a vitreous coating containing 
a pigment of a reducing nature. One then oversprays this 
base with a milled clear enamel containing materials which 
have fluoride or trivalent antimony. To make imitation 
snowflakes one sprays over a base a solution which will cry-
stallize on drying. Oxide pastes are then applied over the 
crystallized base coat and the ware is fired. The process 
is covered by US Patent 2,043,449 dated June 9, 1936. 
There are a number of other ways to produce color 
variations other than by stippling. The old process for mak-
ing graniteware was one of these. It was controlled rusting 
of the steel by the addition of thiosulfates to the ground 
coat enamel. The process produced a mottled green, brown, 
and bluish-colored finish, but with the light colored mix-
tures of today, it could be made to produce uniformly shaded 
areas of color not obtainable by stippling. 
-tl- 12, P• 92 
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The old graniteware process has largely been sup-
planted by applying an enamel containing two glasses, one 
a titanium cover coat and the other a ground coat, directly 
to the steel. It will produce a light colored speckled 
finish. By controlling the particle size of the two glasses, 
the size of the specks may be controlled. For cover coat 
work one can produce all types of speckled colors by the 
use of mnelted-in-color titanium or other colored art ena-
mels combined with ordinary clear or white enamels. 
One method is used to produce a flat finished 
surface, but which appears to be stippled is called by the 
writer 11 frit-dropping". Its foremost exponent is the Sea-
porcel Company of New York City, a jobbing enameling firm. 
Particles of frit of the correct size are dropped on to a 
sticky base coat where they adhere 'in a uni-particle layer. 
The effect produced is to add depth to the finish which 
stippling does not seem to produce. For instance, the base 
coat color can be seen through the particles of clear glass 
frit, but the eye must adjust to opaque particles of a dif-
ferent hue next to the clear particles. 
Another method of producing vari-colored enamels is 
simply called "marbelizingu. The graniteware and titanium 
ground coat speckling processes can be called marbelizing, 
but another variation is called mottling by the use of 
various colored salts.f Copper, cobalt, manganese and 
-!:· 43, P• 223 
106 
nickel su~fates and potassium dichromate may be added to 
an enamel. Ammonium acetate is then dusted over the wet 
enamel and allowed to react. The ware is then dried and 
fired. It will produce red, green, blue, lavender, ivory 
and brown colored vein;~ 
A somewhat similar method can be used to produce 
several colors in a single firing~ In this process one uses 
an enamel which is void or substantially free of boron and 
which contains a cadmium coloring oxide. Over the applied 
enrumel layer various substances containing sulfur or boron 
are applied, and the piece is then fired in the normal 
manner. 
Marbelizing may also be done by other mechanical 
means. One of the old time methods to produce large flowing 
areas was to coat a piece of ware with one color and then to 
splash enamels of different colors onto the wet ware. By 
rotating the piece various flow lines could be obtained. A 
variation of the process was by spla~tering the enamel on the 
wet ware using a rotating wire brush. Sunburst effects could 
be obtained by spraying a second color over the base coat 
quite heavily in ~he center and then shading to a very thin 
coat at the·edges. 
Somewhat allied to sunburst effects are methods 
called varigating and clouding. Varigating is accomplished 
~~ 18, P• 195 
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by applying a light spray of a different color over a wet 
base coat to produce subtle color shading. One method of 
clouding an enrumel is to pertor.m varigating procedures 
using a very light gray enamel as the varigating spray. A 
patented method of clouding an enamel (US Patent 2,305,313 
dated December 15, 1952) is to use an organic material like 
acetic acid, benzene, tar or napthol together with an oxidiz-
ing agent like saltpetre or anttmony oxide; mix with the 
enamel and fire~ The clouding is done by finely divided bub-
- - .. . 
bles created by the chemical reaction of the added compounds. 
Other mechanical marbelising methods are graining, 
sponging or veiling. Graining (or rolling) is the applica-
tion of a design by lithographical techniques. The ink is 
a ceramic paste. By taking a marble block and etching it 
with acid so that raised areas are left, the block may be 
used by itself or the design is transferred to a roller. 
Old wood grained table tops were made this way. Sponging is 
simply lightly dipping a sponge into a ceramic enamel paste 
and stamping the sponge on various areas of_the ware. The 
fibrous design of the sponge is lett behind., Veiling is 
accomplished by the use of a special spray gun head manufact-
ured by the deVilbiss Corporation. The effect is to spray 
actual thin lines of enamel in a rough circular pattern. 
More intricate designs are applied to porcelain 
enameled ware by decals, silk screening or through photograph-
ical processes. One can actually paint enamels into designs 
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as it is done by artists working in the enameling medium, but 
the three processes above are used for rapidly producing de-
tailed designs. Decals are sfmply designs containing enamel 
inks which can be applied to the ware. This process has 
largely been supplanted by silk screening. In silk screening 
a design is cut in a stencil which is then cemented to the 
silk screen. Ceramic pastes are then squeegeed through the 
holes in the stencil. Photographic processes used are co~ 
ventional except that the silk screen emulsion becomes the 
positive plate upon being made from the negative photographic 
plate. ~Hz- The writer has seen intricate scales produced on 
porcelain enamel in this way. 
Other finishes may be obtained in porcelain enamel. 
For instance, fluorescent powders can be added to the porcel-
ain enamel and under the action of black light or at night 
they will glow.~Hz. One can add reflective glass beads to a 
layer of screening paste just as in the "fri t-dropping'' pro-
cess previously described. The beads when struck head-on 
with a light beam exhibit striking reflection properties. 
Lastly, metallic finishes are obtain able in porce-
lain enamel. Hanovia Chemical Company and the Du Pont Co. 
will supply pure metallic white and yellow gold and platinum 
finishes which can be fired on porcelain. There is also one 
type of porcelain enamel on the market which will produce a 
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simulated metallic finish. By applying this clear, brilliant 
· enamel over different colored base coats, various lusters c~ 
bo achieved. The princinal use of this process to date bas 
been in making the "old copper" ovens and stove tops. 
2. One Fire or One Coat Processes 
Present operational procedures call for the applica-
tion of one coat of ground coat to be followed by at least one 
or more cover caats. The next question then would be asked, 
how many methods do we have for reducing the number of opera-
ting steps so that manufacturing costs may be lowered? The 
writer will now list the current methods being used. 
The simplest type of one-coat, one-fire or one-pass 
through-the-furnace process to finished ware is just one coat 
of ground coat. This application has severe limitations be-
cause the ground coat is usually a very dark gray or blue due 
to the color imparted by the small amounts of nickel, mangan-
ese and cobalt oxides which are smelted in the ground coat to 
promote adherence of the enamel to the base metal. The writer 
has used light colored ground coats to make some suitable 
colored applications, but the coatings were of limited applic-
ation and were also non-acid resistant. For sign manufacture, 
black oxide can be added to an acid resistant ground coat to 
make a black enamel for black and white signs. This would cut 
out one cover coat application. Most of the insides of wash 
tubs and ovens are made in this manner. 
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Manufacturers are looking for a satisfactory method 
of eliminating the ground coat or at least get light, control-
lable colors in but one firing operation. A reduction in e-
namel thickness using nor.mal operational procedures is one 
step along the_way, too, towards cheaper manufacturing meth-
ods. Mr. G. H. Spencer-Strong, research director of the Pemco 
Corporation, listed the various requirements of a "one-coat 11 
~ 
processing system very succinctly in one paper.~ His rules 
were: (a) Multiple coats must be done simply since some re-
jects will most certaininly happen; (b) the coating must have 
good adherence and be free from defects; (c) the coating must 
be resistant to normal defects in the metal and from fabrica-
tion; (d) any special bases used must be competitive; (e) 
modern cover coats must be used; and (f) the coating must work 
on commercial ware under production conditions. Not all of 
the following processes meet these tests. 
One process now in operation at the Porcelain Enamel 
Products Company is called the "Starfire" process after the 
. ** name of the wall tile product produced by the process. The 
process sandwiches both the conventional ground coat and cover 
coat together and fires them in one pass through the fUrnace. 
The process has been in fUll operation for aLmost two years 
producing a salable product. The process is the only one 
of its kind in the world, and its development would probably 
i~ 76,- P• 50 
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be hard to duplicate elsewhere, since the enamel formulations 
upon which the process depends for success are proprietary 
information. The process itself requires the utmost in qual-
ity control procedures.# 
There are two other processes somewhat similar to 
the "Starfire process". They are nsolution ceramics 11 and 
the 11Parker 410" process. The solution ceramics process was 
invented by the Armour Research Foundation of the Illinois 
Institute of Technology. The process was originally made to 
apply refractory oxides to metal parts as a form of high temp-
erature ceramic coating. A coating of zirconium oxide (white 
in color) can be made by heating a metal part to approximately 
6oo °F and then a water solution of ammonium zirconyl carbon-
ate is sprayed on the part. The gasses, ammonia and carbon 
dioxide, are driven off leaving the new compound, zirconium 
oxide, behind. The writer tried this process but could not 
get satisfactory adherence of the coating to enameling iron. 
However, the writer has seen a good coated piece with re-
markable adherence. This coating can be used as a ground 
coat of less than 0.001 inch thickness to which conventional 
cover coats may be applied. According to one repor~~a cover 
coated solution ceramic base coated piece developed satisfac-
tory torsion resistance tests of 80° compared to conv•ntional 
sheet steel ground coats which have a value of approximately 
# Refer to the case history on Pepco in Chapter v. 
* 59, P• 77 
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0 
100 • This coating has been available on a license ree basis 
ror over two years, but no one has indicated a desire to use 
the process in the knowledge of the writer. 
The other process, "Parker 410 11 Systemn, has been 
successfully applied at Frigidaire on commercial ware in pilot 
lot quantities. It is Ullknown whe~her Frigidaire will go 
completely over to the new·process. The process can be said 
to be a two-fire operation, but which will produce ware in one 
coat or enamel. Most or the processing is conrined to pickling 
and pre-riring procedures. The metal blank is first degreased 
and then pickled in a phosphoric acid tank. The next stage 
was a dip in a tank containing "Parker L~l6 11 compound which is 
essentially an iron phosphate.* The metal blank is the~ re-
moved rrom the bath, rinsed with de-ionized water and prerired 
in a furnace ror 2i to 1 minutes between 1350 and 1450°F. 
This produce4 a complex iron oxide-phosphate coating. A ti-
tanium cover coat is then applied over the oxide coating us-
ing conventional practices. 
The results or this system at Frigidaire indicated 
that much attention had to be paid to the de-ionized water 
rinsing, enamel formulations, handling and pre-firing. The 
pre-firing could not be done in the same fUrnace as was used 
ror cover coating. The advantages or the coating were its 
excellent adherence (200° torsion resistance), reduction in 
* 51, P• 5o 
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coat~ thickness, fewer rejected parts, reduction in types 
of enwmel used, acceptable ware, less warpage, and even cold 
rolled steel could be used, which is inferior to the conven-
tially used enameling iron.~~ 
Most cast iron enrumelers have used cast iron sin-
tered or normal ground coats as a basis for applying coatings 
to cast iron. Although in both the wet and dry processes, 
cast iron cover coat enamels can and are applied directly to 
the steel. This procedure is not too applicable to sheet 
steel. Cast iron enamels are usually not good enough to give 
one-coat salable work. It might be possible to use some part 
of the cast iron processing techniques together with new low-
fire sheet steel en~els and arrive at a one-coat, one-fire 
process. 
The titanium cover coat-ground coat one-fire, one-
coat process mentioned previously as applicable to kitchen 
ware has been so successfUl that it now is listed as National 
Bureau of Standards Commercial Standard GS-100-44•** The 
process is subject to the s~e coloring variables that normal 
titanium enamels experience. Its disad~antages are the poor 
number or colors obtainable, which are only greens, blues, 
and browns or dark shades, relatively speaking, and its speck-
led finish. The application has met all of the other require-
menta necessary for one-coat applications. 
~- 69,, P• .65 
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There are five processes which are offered for ap-
plying cover coats directly to the steel without some kind 
of oxide or ground coating base. Those processes are "Ti-
loc", "Ti-Nameln, nFerro-Republic Pickle Process 11 , the 
"Eckel-Romine System", and 11Al'J!lco One-Coat Premium Iron." 
The "Ti-loc" process was used by the Strong Manu-
facturing Company to produce reflectors in one coat of white 
enamel applied directly to cold rolled steel. This pro-
cess was proved in production, and a report delivered by 
Paul Cecil, enamel superintendent at Strong, to persons 
attending the_Thirteenth PEI Forum concluded that panels 
coated with 0~003 inches of titanium cover coat could be 
sheared, drilled and punched without damagef He bad some 
panels at the meeting to prove his point. The reflectors 
were made for Westinghouse, and they apparently had that 
firm's approval. ~o details on processing were given. 
Shortly thereafter, Strong Ktg. Co. failed, and since that 
tfme some five years have elapsed without the writer having 
found any indication of the process being used elsewhere, 
even though Mr. Cecil is now running his own jobbing shop. 
"Ti-Namel'' is an expensive titanium-stabilized 
enameling iron. The use of titanium in the steel purported-
ly is to collect the carbon in the metal and for.m stable car-
bides. The theory is that when normal enameling iron is 
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heated carbon co.mes off in gaseous for.m due to decomposition 
of unstable carbides; and therefore, blistering is encounter-
ed when cover coats are applied directly to the steel. Titan-
ium-stabilized steel also is more resistant to warpage caused 
by high enameling temperatures than is conventional enameling 
iron. The processing of this steel is the same as those used 
in conventional processing teobniques, and it produces super-
ior ware even though only one coat of cover coat is. applied 
directly to the steel. Westinghouse has enameled over one 
million range tops using one coat of titanium enamel applied 
to Ti-Namel steel without experiencing any chippage of parts 
in the .field.* This premium steel is available from the 
Inland Steel Company. 
The "Ferro-Republic Pickle Process" uses convention-
al enameling iron as a bas•, but special pickling and clean-
ing practices are used to promote bond of titanium enamel to 
the steel and to prevent blistering. The pickling procedure 
is to first thoroughly degrease the parts to be run. After 
the degreasing step, the parts are immersed in 5% nitric acid 
.for one minute to deeply etch the surface. The ware is then 
placed in a "reduction" nickel dip where o.o6 to 0.10 grams 
per square inch of surface nick~l deposit is applied. This 
nickel dip is composed or li oz. of nickel sulphate, 2 oz. 
ot ammonium acetate, and as much sodium hypophosphite per 
* 19. P• 2 
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gallon of solution as is needed to keep the tank depositing 
nickel at the set rate. The dried, pickled parts are then 
immediately put through conventional cover coat application 
procedures. The writer has never been able to make this 
process work without experiencing too much blistering, al-
though the Baltimore Porcelain Steel Corporation was pro-
ducing wall tile using this process. Since the demise of 
that firm, the writer does not know if the process is work-
ing at &n1 other place. The process is still considered 
expertmental by porcelain enamelers. 
The Armco Steel Corporation is now field testing 
its new premium enameling iron at approximately four large 
appliance plants in the mid-west. It is expected to be re-
leased for sale to the rest of the industry sometime in the 
summer of 1957, if tests progress as successfully as is 
expected. The new stock is covered by US Patent 2,755,210 
dated July ~7, 1956. The preparation of the metal is done 
at the mill. First the sheet stock is coated with a thin 
layer of cobalt or nickel producing agents, and the sheet 
stock is then heat-treated in an oxidizing but non-carbur-
izing atmosphere. The final treatment is an acid pickle 
to remove the seale. According to the Armco salesman cover-
ing the Boston area, this steel bas passed laboratory tests 
in one cover coat enamel applications direct to the steel 
with "flying eolorsu, but that when it is released, it will 
cost more than conventional enameling iron. 
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The "Eckel-Romine ,S,.stem" is covered by US Patent 
2,495,83.5 and is si;lilar to the Armco process. The process 
is based on the pramise that if one decarburizes non-reboil-
ing enameling iron in a hydrogen-bearing atmosphere to a 
depth sufficient to prevent the carbon from migrating to the 
surface of the metal during the necessary time-temperature 
cycle nee~ed to properly apply the enamels, no blistering 
can occur. To the writer this is a valid assumption. As 
proof, successful cast iron enameling is usually based on 
an initial annealing treatment of the parts for some tlln.e 
at a temperature above that at which it is to be enameled. 
Cast irom contains much carbon, and the annealing process 
would ten to decarburize the surface especially if the ena-
meling was done in an oxidizing atmosphere like ordinary 
air. It was estlln.ated that an enameler using 1000 tons 
of 20 gauge eckel-ro.m!ne prepared sheets and saving only 
1¢ per s~uare foot on manufacturing co~ts would amortize 
the decarburizing equipment needed in 10 years. The cost 
of such facilities was placed at $133,000.* It is unknown 
whether the process is in operation anywhere. 
The writer also eaae ·across one other process 
similar to the Parker 4lo and Solution Ceramics processes. 
It is simplu called, "Vitreous Enameling Process and Compo-
sition" on US Patent 2,702,762 dated February- 22, 1955. 
* 53, P• 61 
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Since its issuance two years ago, the writer has not found 
any other information on the subject which would normally 
be released to the industry. The invention amounts to 
applying a wet spray coating containing principally anti-
mony and. chloride containing compounds to the enameling 
iron base. Over the sprayed coating the cover coat is 
directly sprayed, and the coatings are then dried and fired 
as a unit. 
Enameling on almnintan and aluminized steel can be' .. 
considered to be one-coat, one-fire processes, too. Certain 
colors are not obtainable in one coat of enamel, but in gen-
eral, much of the aluminum enameling being done is one-coat 
work. There are many low-melting aluminum enamels out, but 
they are relative1y costly. Aluminum itsel~ is also quite 
expensive, but a cheaper material called aluminized steel 
can be used. Aluminized steel is essentially cold rolled 
steel which has been dipped 1n molten aluminum to provide 
a thin surface coating o~ aluminum bonded to the steel. 
The disadvantage of high cost is compensated by the freedom 
trom warpage of the parts, intrinsic coprosion resistance 
of the me :tal base, and the ease with which e!lalneled parts 
may be sheared, nailed, cut drilled, or even for.med~~. This 
type of comparison is between aluminum enameled a~uminized 
steel versus conventionally coated enameling iron. 
* 62, p~ 76 
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3. Other Processes 
There are many other relatively new processing me-
thods, but because of their nature they are more applicable 
to production efficiency than are the processes being dis-
cussed in this section. Accordingly, some processes will be 
discussed in Chapter v. under "Production". 
Most of the special processes other than used for 
coating tbdckness and number reduction have been aimed at 
reducing:_ part "!_arpage, metal base thickness, and firing temp-
eratures. The majority of the shee~ iron enamels used today 
0 fire in the region 1450 to 1550 F. What effect does such 
a temperature have? Above 1450 °F hydrogen and other gases 
are released from the metal at a rapid rate; it would then 
follow that if temperatures below 1450 °F were used, defects 
like blisters and pinholes caused by escaping gases would 
become less noticeable in enamels. 
One reason why titanium-stabilized steel is pre-
ferred to cold rolled steel or enameling iron is that the 
relative warpage resistance of the steels when enameled at 
conventional temperatures plays an important part in achiev-
ing acceptable ware. Steels have a critical temperature of 
0 1335 F where they will change volume due to crystal changes; 
-1!· this will tend to cause warpage. Cold rolled steel will 
show less warpage at 1300 °F than enameling iron at 1550 ~. 
Lower enameling temperatures would then mean that the gauge 
~:- 16, P• 52 
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of metal needed to hold the shape of a part could be reduced 
since less strength is needed. 
The original low-fire cover coat enamel was produc-
ed in 1947 to be used on Lustron homes. It was a 1350 °F 
application •• Since that time most of the major frit suppliers 
will supply ground and cover coats which will melt in the re-
gion 1250-1300 °F. There still remains a gap between the new 
low-fire enamels and aluminum enamels melting at 1000 °F. 
The production of Westinghouse toasters using thin gauge iron 
and coated with low-firing enamels is an example of the sue-
.. 
cess of this development:"· 
There are two examples of very thin gauge metal ena-
meling processes. From the names of the firms which use them, 
we have the 11mirrawall" and "alliancewarett processes. Mirra-
wall enameling is the epitome of mechanization in the industry. 
The process is to take 32 gauge mild steel (same as that used 
by tin can manufacturers) in 6ooo foot coils and feed it 
through conventional enameling procedures by a system of rollers 
not unlike presses used to print the daily newspaper. The 
coating on the sheet is o.oo6 inches thick, and the coated 
sheets may be coiled into a six-inch circle and out with an 
ordinary paper cutter without having the coating chip or 
spall.~H} The sheets can be readily laminated to backing boards 
with linoleum paste. According to one frit supplier salesman 
-:~ 66, P• 71 
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with whom the writer spoke, only one salesman keeps the busi-
ness going, and because the selling price of the ware is half 
as cheap as conventional sheets sold in the market, it would 
be possible to literally flood the country with enruneled 
sheets competitive with painted sheets. It is estimated that 
the cost of the mirrawall facilities is above$150,000, but it 
is readily obtainable. 
The other process called "allianceware" is very sim-
ilar to mirrawall except that aluminum foil is used instead 
- . . 
of steel. The foil is 0.002 to 0.006 inches thick and is only 
24 in~hes wide, a limitation in view of the fact that mirra-
wall is obtainable in four foot widths. How much of this so-
called ttwallpaper" has come on the market is hot known, but it 
still seems somewhat experimental. Applications claimed are 
for dielectric applications, interi9r walls, veneer, coverings 
for pipe, roofing and siding, awnings, jalousies, trim, trans-
former windings, nrume plates, compacts, cigarette cases, chalk-
~"' boards, kitchen cabinets and curtain walls. 
The reader will remember that in the immediately pre-
ceding section, various effects achievable by enameling tech-
niques were discussed. It is possible to increase these ef-
f'ects by using "rigidized11 metals of' aluminum, mild steel, 
enameling iron, or stainless steel. Rigidizing means to em-
boss designs in the metal not only f'or ef'f'ect but also to 
increase the strength of the metal. The. number of striking 
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designs obtainable must number about 5o. If one used mild 
steel or enameling iron the whole design would have to be 
coated. This is the modern version or the ancient 11baisse-
taille" enameling. Stainless steel, and possibly aluminum, 
do not have to be coated in entirety. It is possible to get 
both the ancient "cha.mpleve" and "cloisonnen artwork in mo-
dern enameling practice by brushing off the raiBed portions 
ot the metal. Coa;y;-se designs will make champ1eve and fine 
designs, cloisonne. Other erfects are also available and 
easily done. 
If one sprays the design through a stencil, it is 
possible to only cover the raised portions of the metal, or 
by stippling at a low angle relative to the heavily rigid-
ized surface, it is possible to present a piece which will 
change color at varying viewing angles. The old Russian 
nplique-a-jour 11 enameling can be made by enameling fine 
screens or selectively etching a thin metal foil coated with 
enamel. 
Until recently the process of depositing enamel 
coatings by 11 electrolyticn means, just as is done t.o make 
chrome plating, was or academic interest only to enamelers. 
It is a method of really saving enamel costs by eliminating 
waste, and it also allows a perfectly controllable deposition 
of enamel. It, however, would be quite costly to use. 
Electronic tube manufacturers use the process to apply aluminum 
-~~- 39, P• 373 
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oxide coatings to heater elements for use in cathode ray tubes. 
With the incre~sing number of electronic applications for 
porcelain enamel, it is conceivable that this process might 
be used because the part size of many of the applications are 
very small and not easilyworked with conventional enameling 
equipment and techniques. 
D. Possible New Products 
In the decade since the Second World War the number 
of new products which have been introduced to both the con-
sumer and industrial market seems unbelievable. Many areas 
of activity, a notable example of which has been electronics, 
require of firms an almost constant supply of new developments 
and products. The firm which rests on its laurels is soon~-, 
left far behind. 
But what has the porcelain enamel industry contri-
buted. As far as processes go, the suppliers have contributm 
titanium opacified cover coats which will cover the ground 
coat in thickness applications of as low as 0.003 inches; low 
fire enamels so that warpage of steel parts may be lessened; 
and aluminum enamels. The elimination of the ground coat has 
still resisted attack to a great degree, and automation for 
enameling plants is but in the formative stage. 
The number of new products or applications intro-
duced bas not been many. For appliances we have porcelain 
enameled incinerators, dishwashers and ironers. The jobbing 
industry has contributed major items of ceramic coating work, 
curtain walls, and chalkboard. Actually, ceramic coatings were 
initially developed by the National Bureau o~ Standards dur-
ing the last war. Curtain walls are an outgrowth of archi-
tectural enameling which was done same years before that war. 
Only chalkboards can be said to be virtually started from 
scratch, and this refers to formulations. 
It would pay the ,jobbi~ enameler to view the various 
possible new applications for porcelain enamel. I~ the cost 
is right there is no reason why porcelain enamel should not 
replace painted steel, aluminum, galvanized iron, chrome plat-
ing, plastics, etc. which are being used on certain parts. In 
Table XIV. the writer has listed some possible new applications 
for porcelain enamel which appear promising. · 
In the appliance field the items which should have 
porcelain enameled parts, but which are not now coated are 
room air conditioners, dehumidifiers, and war.m air fUrnaces. 
Their sales volumes as reported by one authorG were respect-
ively in ~its for the year 1953 some 1,075,00; 98,000; and 
l,008,ooo. The room air conditioner generally juts out a 
window into the oper air. Units are then subjected to weath-
ering, and if they are near the seashore, salt water corrosion 
will became evident. The writer inspected some of these units 
which had been up only 2 to 3 years, and rusting was quite 
evident. 
Dehnmidifiers are another form o~ air conditioning 
* 22, P• 8 
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TABLE XIV. 
POSSIBLE NEW APPLICATIONS 
FOR PORCELAIN ENAMEL 
Product 
Room Air Conditioner 
Dehumidifier 
War.m Air Furnaces 
Oil Burners 
Toasters 
Vacuum Cleaners 
Washroom Hangars 
Wall Surfaces near 
bathtubs and sinks 
Commodes 
Commode Water Holder 
None 
Spray booths 
Concrete Molds 
Electronic Parts 
Possible Part 
AP~l.!~C,!S_ 
Shell 
Shell 
Shell, pipes, 
grates, inside 
Burner plate 
Shell 
Shell, interior 
parts 
§.ani!aD"!,a~e­
Complete 
Complete 
Complete 
Complete 
Enamelware _ _, ____ _ 
Entire Sur1'ace 
Entire Surface 
Varies 
Part now made o~ 
Paint 1 aluminum 
Paint, aluminum 
Galvanized iron, 
cast iron 
Stainless steel, 
iron 
Chrome plate 
Chrome pll. te, gal-
vanized iron, al-
uminum 
Chrome plate, alu-
minum, paint 
Plastic, wallboard, 
plaster, tile, lin-
oleum 
China 
China, wood, paint 
Galvanized iron 
Plywood, steel 
Organics, solid 
ceramics, glass 
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TABLE XIV. POSSIBLE NEW APPLICATIONS FOR PORCELAllr ENAMEL (continuation) 
froduct 
Smoke Stacks 
Waste Containers 
Switch Boxes and 
Plates 
Flues 
Vending Machines 
Ventilating Hoods 
Marine Buoys 
Heat Exchangers and 
Radiators 
Stair-rails 
Closet doors 
Sunshade Louvers 
Baseboard 
Room Divider 
Planter Box 
Chimney 
_Possible Part 
All SUJ.'faoes 
All surfaces 
Case and cover 
All surfaces 
Case, tanks, 
containers 
All surfaces 
All sufaoes 
All surfaces 
Construction 
All surfaces 
All surfaces 
All surfaces 
All surfaces 
All surfaces 
All sur~aces 
All surfaces 
Part now made o~: 
Brick, tile, stain-
less steel, iron, 
galvanized iron. 
Iron, wood, plastic 
paint. 
Plastic, galvanized 
irort, brass, chro.me 
Tile, stainless steel, 
galvanized iron 
Paint, stainless 
steel, plastic 
Galvanized iron, 
paint, statnless steel 
Stainless steel, 
paint, brass 
Stainless steel, 
galvanized iron 
Wood, rubber 
Wood, plastic 
Wood, aluminum, 
plastic, paint 
Wood, aluminum, 
plastic, paint 
Wood, aluminum., 
plastic, pt int 
Wood,· plastic, 
metal, aluminum 
Brick, galvanized 
iron 
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TABLE XIV. POSSIBLE NEW APPLICATIONS FOR PORCELAIN ENAMEL (Continuation) 
Product Possible Part 
Doorknob and All surfaces 
Escutcheon 
House Siding All surfaces 
Kitchen and Medicine All surfaces 
Cabinets 
Window Sill All surfaces 
Counters Top surface 
Fences All surfaces 
Gutters All surfaces 
Roofing All surfaces 
Interior Wall All surfaces 
Fireplace Hood? .. · All surfaces 
Fireplace All surfaces 
Murals All surfaces 
Stairs All surfaces 
Portable Home Bars 
Outdoor Furniture 
and Fireplaces 
Garbage Containers 
Qe_!!eral Jobbin_g 
All surfaces 
All surfaces 
All suri'aces 
Part now made of: 
Chrome plate, brass, 
aluminum, stainless 
steel 
Many 
Paint, galvanized 
iron, plastic, wood 
Aluminum, wood 
Micarta, wood 
Wood, steel, paint, 
aluminum 
Galvanized iron, cop-
per, aluminum 
Wood, asphalt, galvan-
ized iron, fiberglass 
Plaster, wood, wall-
board 
Stainless steel, 
brick 
Brick 
Tile, stainless steel, 
brick, terra cotta, 
concrete, stone 
Wood, metal, stone, 
concrete 
Wood 
Many materials 
Galvanized iron, paint 
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,TABLE XIV. POSSIBLE NEW APPLICATIONS FOR PORCELAIN ENAMEL 
' (Continuation) 
,Product 
Ba tbroom Seale 
Flower Pots 
Fire Hose Cabinets 
Silos 
Farm Pro duets 
Ships 
.Possib~~.,J?art 
Casing 
All surfaces 
All sur1'aees 
All surfaces 
All surfaces 
All surfaces 
Burial Vaults, Caskets All surfaces 
Tombstones 
Exhaust Mufflers 
Teeth and Bridges 
Jewelry 
All sUrface'S 
All slirfaees 
Varies 
Part now made of: 
...... ~..,.._. 
Paint, plastic 
Pottery, plastic, 
alu.'11inum, paint 
Wood; galvanized 
iron, paint 
Tile, concrete 
Galvanized iron 
Steel, paint, 
brass, wood 
Stone, concrete, 
wood, paint 
Iron 
Porcelain, silver 
Varies 
*Paint means an organic finish over some base material which 
is,usually steel. 
Source: Porcelain Enamel Institute Bulletins, physical cheeks, 
Trade magazines. 
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unit, and since they take moisture from the air, steel parts 
1n the machine will rust. For hot air furnaces the combust-
ion tubes or grates and the humidfier pan should be coated 
with porcelain enamel. Most furnace jackets tend to be of 
galvanized iron, but are painted on some models. The use of 
porcelain enamel will depend on cost but selling points would 
be beauty and corrosion resistance. 
Another appliance which could be coated is an oil 
burner. The areas to be coated would be 11 hot 11 parts and the 
casing. Vacuum cleaner parts which undergo abrasion should 
also be coated. A pleasing colored porcelain enameled shell 
should also be used. One of the newest porcelain enameled 
appliances on the market are Westinghouse toasters, which are 
manufactured for Westinghouse by the Ervite Corporation, a 
jobbing shop. This application is the first new one that 
jobbers have come up with in the past year, and it came in 
the tough appliance field. 
One of the articles in the bathroom, which so far 
has resisted porcelain enameling, has been the commode and 
its water holder, the vast majority of them being china. It 
would be very simple to enamel the water holder, but the 
commode presents problems of water flow and design. It is 
not facetious of the writer to saJ: that people would not like 
to hear a sharp "clang" when the seat on a commode is lowered. 
In fact, sheet steel bathtubs and sinks are quite often cov-
ered on the underside with a tarry material to deaden the 
sound. 
130 
There is much evidence today that homeowners want 
tiled areas near the sink and bathtub. It would be possible 
to broaden the market by selling cheap porcelain enamel 
sheeting ~or those areas to people_who do not wish to stand 
the expense o~ a tile installation. 
The new products for enamelware have been listed as 
none. Ac.tually, what is needed is a revitalization o~ their 
products, a problem which has already been discustaed. However, 
there is no reason why porcelain enamel cannot be used in 
the living room co~fee table. It does not require any think· 
ing to state that a porcelain enameled coffee table must be 
a beautiful piece o~ furniture, a fact which table top manu-
facturers seem~gly ~ailed to consider in the past even for 
kitchen tables. 
Industrial equipment ~ses as listed in Table XIV. 
could be expanded quite rea~i1y. Of those items listed, 
spray booths are a big item. Some firms are in business for 
the sole purpose of providing strippable coatings for spray 
booths so that the material sprayed in the booth can be re-
moved from the booth walls. Porcelain enamel, because of 
its ~inish and hardness should prove quite adaptable ~or 
this application. 
One must be careful of concrete molds since con-
crete when in the wet state is an alkaline corrosive agent. 
It an enameler ·could develop a re-usable mold which would 
resist concrete corrosion and would not stick to the concrete, 
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the construction industry would be quite happly to hear from 
him, since it would eliminate costly finishing operations 
needed to make concrete smooth and pleasing in appearance. 
For the person who wants to look into the electron-
ic field, applications abound for replacing organic insula-
tion; however, the enameler must be prepared to deal with 
small size parts. Most of the enameling equipment used 
today, except for resistor manufacture, is not designed tor 
such applications. 
Another electrical application is to coat household 
switchboxes and name plates. Cost is the main consideration 
here because of the great number of acceptable materials on 
the market. 
Other industrial applications lean principally on 
porcelain enamel's inherent corrosion resistance, but porcel-
ain enameled heat exchangers should be possible since the 
coating can be made to have a high emissivity to radiant 
energy, a ~ost important factor fn heat exchanger design. 
In the construction field porcelain enamelers 
would like you to live in virtually an all porcelain enamel-
ed residence. The most illustrious, but ill-fated attempt 
at this goal was the operation or the Lustron Corporation. 
The Lustron Corporation was the largest porcelain enamel 
facili~ in the world when it was in construction in 1947 • 
.!' * Its total cost was same ~13,000,000 with the enamel plant 
~1- 65, p. 68 
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costing same $5,ooo,ooo. This operation was scheduled to 
produce ~o,ooo homes per year on the basis of 100,000 pieces 
a day in 200 different shapes and colors. As a starting 
amount, Lustron was supposed to make 100 to 150 homes a day. 
There have been many post•mortems as to why Lustron 
failed, but they principally involve aspects of shaky RFC 
financing, sise of operation, and poor management. The 
financial aspects of the business_were so pecUliar that the 
US Senate investigated the scheme. As to the size of oper-
ation, it was estimated that at full production capacity 
Lustron would absorb of various material supplies, some 20% 
of the frit, 76% of the coloring oxide, and 125% of the 
enameling iron capacity of the country~ The opinion was 
that one should start "big" in the architectural field, and 
because of the business, the suppliers would be happy to 
increase their facilities. Management difficulties resulted 
in several vice-presidents leaving the company within a 
period of two years. 
The reader will notice that the causes of failure 
were not attributed to pricing or porcelain enrumel as a 
building material. The selling price of the home of the 
simplest type was about $8,000, which was comparable to 
other structures of the same size but which were made out 
of wood or other materials. The home itself appeared to 
have met consumer acceptance. In one particular report on 
* 56, P• 56 
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interviews with 200 Lustron homeowners, the rollowing results 
were given: ii-
. . 
a. 97.5% have no objection to porcelain enameled interiors. 
b. 98~ have no objection to porcelain enameled exteriors. 
c. 97'/, »ave preference ot Lustron home over previous 
home due to low upkeep and easy cleaning. 
d. 2% had altered interior surface by painting or paper-
ing. 
e. 94% would buy another steel home. 
What this all adds up to is the tact that another 
try at cc;>ating whole houses should be made. Referring to 
Table xv. it can be seen that a tremendous market exists 
for residential building. Non-residential building has 
been tapped: in a big way by porcelain enameled curtain walls, 
so there is no re~son w~ those techniques cannot be used in 
home construction. 
-Moat jobbers would probably not want to undertake 
such a grandiose business as porcelain enameling pre-fabrica-
ted· homes,·· but would rather tackle one item of the home. 
Of the various products listed 1n Table XIV. ror the home, 
porcelain enameled rireplaees are now being sold by the 
Bettinger Corporation. 
The writer found one interesting news note**1n 
one of the leading t~ade magazines which has some bearing 
on home applications. It seemed some old executive who 
* 22 · P• 11 ~-::- 54, p. 15 
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TABLE XV. 
CONSTRUCTION STARTS IN THE UNITED STATES 
New H~s in Non-Residential* 
Year Thousands ot Units $millions 
-
1946 671 3,341 
-
1947 849 3,J.4,2 
.. 
1948 932 3,621 
1949 1,025 3,228 
-
1950 1,396 3,777 
1951 1,091 5,152 
. 
1952 1,127 5,014 
. . -
1953 1,104 5,680 
1954 1,220 6,262 
-
1955 1,329 7,624 
-
1956 estimated 1,250 8,200 
Source: Bureau o~ Labor Statistics, Department o~ Commerce. 
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had ret~red was too much an old war-horse to stay out of 
business. After looking over various fields, he decided on 
enameling. He asked what new product could be produced with 
- . 
a starting capital of between~o,ooo to $100,000. The trade 
magazine staff came up the anner of a porcelain enameled 
aluminum window sill. Ordi~ wood sills must be continually 
painted and will rot in time. It was stated that they could 
be put in attractive packages and sold through lumber yards, 
hardware stores, and similar outlets for use both in new and 
remodeled construction. 
General jobbing new pl'oducts are those which the 
writer could not place .in other categories. The reader can 
look over those new items 1n Table XIV. and visualize for 
himself the reasons for porcelain enameling them. Ship 
bulkheads are now being coated as are mufflers. The writer 
put in one apparently weird application to stimulate the 
reader as to other applications. That application was for 
dental work, and it waa asked of the writer by a dentist at 
one time. People are sensitive to metal braces on their 
teeth, and if a protective covering could be made so that 
it matched the tooth color, a person would feel more able 
to face the world. The ~iter literally believes this to 
be a profitable sideline siQI• the manufacturing cost should 
be nowhere near the price for which such articles could be 
sold. 
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E. Standardardization and S1mplitication or Diversification 
of Product Lines. 
1. Present Degree of Standardization. 
A standard is essentially a "criterion of measure-
ment, quality, performance, or practice, established by cus-
tom, consent or authority and used as a basis for comparison 
OTer a period of time". i~ Standards may be divided in~o pro-
cess, design, material, quantity and product standard classes. 
The last mentioned class refers to the regulation of the 
quality, performance, size and tor.m of a product or product 
line. To what degree has the porcelain enamel industry put 
its products and processes on such a standardized basis? 
One of the major initiators of 'porcelain enamel 
standards has been the Porcelain Enamel Institute, the service 
organization of the industry. With the exception of quantity 
standards, Table XVI shows the areas of standardization which 
bave been covered by PEI publications. These standards are 
mostly tentative and over the years must and have been re-
vised to reflect the dynamic change of porcelain enameling 
methods and practices. For instance, the Bulletins AL-la 
and AL-2a only became available November 30, 1956, when 
porcelain enameling on aluminum at least had reached some 
predictable stage of development. It is expected within a 
short time to have additional publications on weathering, 
abrasion testing revision, abrasion resistance of low gloss 
(chalkboard) coatings, thermal shock testing, alkali 
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TABLE XVI. 
PORCELAIN ENAMEL INSTITUTE 
LIST OF TESTS 1 SPECIFICATIONS AND STANDARDS 
Number* 
T-1 
T-2 
T-3 
T-4 
T-5 
T-6 
T-7 
T-7a 
T-8 
T-9 
T-10 
T-11 
T.:..12 
T-13 
T-15 
Title 
Test for Resistance of Porcelain Enamel to 
Gouging. 
Test for Resistance of Porcelain Enamel to 
Abrsion. 
Test for Warpage of Flatware. 
Test for Sagging of Iron and Steel Sheets for 
Porcelain Enameling. 
Torsion Test tor Laboratorr Specimens of Por-
celain Enameled Sheet Iron and Steel. 
Impact Test for Laboratory Specimens·or Por-
celain Enameled Sheet Iron and Steel. 
Test for Acid Resistance of Porcelain Enamels. 
Test for Weather Resistance of Architectural 
Porcelain Enamels. 
Ball Mill Viet Grinding of Porcelain Enamels. 
Recommended Materials and Practices for Arch-
itectural Porcelain Enamelers. 
Tentative Screen Test for Wet-Milled Enamels. 
Production of Castings for Porcelain Enrumeling 
Preparation of Sheet Metal for Porcelain Ena-
meling. 
Reflectance ~est for Opaque Vf.hite Porcelain 
Enamels. 
Design and Fabricat~on of Metal Parts for 
Porcelain Enameling. 
Tentative Definitions of Porcelain Enamel 
Terms. 
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TABLE XVI. PORCELAIN ENA!11EL INSTITUTE LIST OF TESTS, 
SPECIFICATIONS AND STANDARDS (Continuation) 
Number 
T-16 
T-17 
T-18 
Proceedings 
Title 
Test ror Determination or Nickel. 
Test ror Adherence of Porcelain Enamel to 
Sheet Metal. 
Gloss Test for r'orcelain Enamels. 
Shop Practice Forums 1937·1956. 
available 1949-1956) 
(Copies only 
PD-1 Material Handling or Base Metals for Porcelain 
Enameling. 
P.D•2 Methods for Storage, Handling and Moving Chem-
icals f'or lt!ill and Pickle Room. 
P.D-3 Improved Technique ror Conservation of Porcel-
ain Enamel Materials. 
P-301 Manual of Porcelain Enamel Processing-Sprayi~. 
P-302 Manual of Porcelain Enamel Processing-Dipping. 
P-303 Manual of Porcelain Enamel Processing-Graining. 
s-101 General Specirications for Porcelain Enamel 
Surfaces. 
S-102 General Specifications ror Porcelain Enamel 
Surraces, Acid Resistant Type. 
S-103 Recommended Standards for Manuf'acture of' Por-
celain Enamel Signs. 
s-104 Perf'ormance Specifications for Porcelain Ena-
mel Chalkboards. 
AIA 15-H-2 Standards and Specirications for Architectural 
Porcelain Enamel. 
AL-la Recommended Test Methods f'or Porcelain Enamel 
on Alumimlm Alloys. 
AL-2a Recommended Processing Methods for Porcelain 
Enamel on Aluminam Alloys. 
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TABLE XVI. PORCEIA IN ENAMEL INSTITUTE LIST. OF TESTS, 
SPECIFICATIONS AND STANDARDS (Continuation). 
Number Title 
AIA-15-H-2-I Design Manual--Porcelain Enrumel in Architecture, 
Veneer Type Constrution. 
----- Porcelain Enamel Signs Design and Specification 
Manual 
------ Porcelain EnEmel Manual--A Designer's Guide to 
Vitreous Coatings. 
----- Labels to certify that the finish of a parti-
cular part is genuine porcelain enamel as 
prescribed bf"PEI standards and "Safe Transitu 
label to assure customer that porcelain ena-
meled parts have been packed correctly for 
shipment. 
Note* Tests T•6, T-9 and T-15 have been withdrawn; T-1, 
T-3, T-4 and T-11 are being revised; and T-10 is 
now included in T-8. 
Source: Porcelain Enamel Institute. 
resistance testing, scratch testing, and coefficient of fric-
tion testing. Product standards appear to be confined to 
architectural, chalkboard, and sign specifications which for-
tunately are jobbing shop products. 
Product standards for other major porcelain enamel-
ed products appear to be meagre. For appliance products one u 
usually finds standards to be the approval by the Underwriter's 
Laboratory, consumer purchasing guides, or magazines like 
Good Housekeeping. The enamelware industry began to set up 
standards for various products under the guidance of the 
Enameled Utensil Manufacturer's Council until that organization 
became inoperative. Sanitaryware products seem to have be-
com& standardized through years of use by consumers. Porcelain 
enameled industrial products are not subject to too specific 
product standardization. Gas station work has been somewhat 
standardized by the oil companies, and the Porcelain Enamel 
Institute has endeavored to cover the other applications. 
General jobbing, by virtue of its homogeneous nature, is not 
uubject to product standardization, rather it is done by the 
customer who wants his parts coated. 
Most porcelain enameling concerns tend to use the 
Porcelain Enamel Institute's process, design and testing 
specifications and standards as a guide to their control 
over enameling operations. At present, the industry is at-
tempting to convert these standards into those which can 
be used by all for procurement purposes and which will have 
greater recognition and acceptance by the country. These 
two goals were brought closer to realization when in 1949, 
under the sponsorship of PEI members, Committee C-22 of 
The American Society for Testing Materials was originated. 
The ASTM is a venerable organization which is recognized for 
its work on the promotion of standards in the United States. 
Committee C-22 was organized for the purpose of 11 The stimu-
lation of research and the formulation of definitions, me-
thods of test, and specifications pertaining to porcelain 
enamels, ceramic and ceramic-metal (cer.mets) coatings for 
metal.•* Up to the summer of 1955 Committee C-22 bad recom-
mended nine standards for publication, four of which the PEI 
ha4 ~ot previously published, and was working on twenty-six 
more.*i} In a few more years it is expected by the author 
that the industry will be standardized as to the degree of 
porcelain e~l quality suitable for each particular product 
of major use. 
The last major effort at standardization of porcel-
ain enameled products bas come through the use of government 
specifications. In 1949, William Harrison, Chdef of the Ena-
meled Metals Section of the National Bureau of Standards, 
surveyed several thousand government specifications to deter-
~ne those which concerned porcelain enamel in some way. He 
was able to find some 6~- specifications which covered most of 
.. 27, .. p~"87 
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the important porcelain enameled products plus a manual ~or 
use by government inspectors when inspecting porcelain ena-
meled items.* These standards are for the most part used 
solely by government agencies or firms which are operating 
on government contracts. 
For an example of how little standardization o~ 
jobbing shop products has been achieved, refer to Table XVII. 
One will see from the table that architectural applications 
tend to have a variety o~ part sizes, &Yen chalkboard, which 
one could consider to be somewhat standardized as to size, 
is now being made on a special installation basis. It was 
said several paragraphs back that the oil companies had 
tended to standardize on gas stations, but it only refers 
to standardization of company colors and how the panels are 
to be made. A jobbing shop by virtue of its other name, 
"porcelain enameling to order" deals essentially in custom 
work, and there~ore, it can only standardize on product 
sizes to the extent that it will accept or reject various 
classes of work. The principal agitation from jobbing shops 
to alleviate this factor has been to attempt standardization 
o~ major building panels and o~ colored enamels which can 
be used on virtually all types o~ work. 
2. Standardization of Building Panels 
It would be easy to say that on the basis of 
various surveys which have been taken, the standardization 
* 26, P• 77 
TABLE XVII. 
EXAMPLE OF JOBBING SHOP WORK 
DIVERSITY FOR ONE WEEK PERIOD 
Product Orders 
Class Ran 
Gas Stations 7 
Chalkboard 12 
Architectural Building Panels 6 
Storefronts 1 
High Temperature Parts 4 
Replacement Panels 2 
Signs 3 
Elevator Cabs 1 
Refrigerator Showcase Parts 1 
Coal Chutes 1 
Escalator Risers 1 
Gas Pumps 1 
Test Panels for Oven 1 
Customer Development Sample Orders 6 
Total 50 
Avg. No. 
Per Order 
No. of 
Size.L 
705 
40 
82 
37 
5 
4 
19 
8 
1 
3 
2 
2 
2 
15 
926 
No. of 
Colors 
19 
12 
11 
1 
3 
5 
7 
2 
2 
1 
1 
2 
1 
10 
77 
Source: Bettinge~ Corporation estimate of work done for one 
randomly selected week's production at one plant. 
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of building panels, specifically of the curtain wall type 
construction, should be quite simp).e to do. One article~:­
stated that what is desired would be six to eight sizes in 
2, 4, 6 or 8 feet in one dimension with the other dimension 
being 2, 4 or 6 feet; these being the dimensions most com• 
monly used. The same size would be used inside and outside 
with nbattenn type joints. 11' necessary, the panels could 
be cut on the job •ithout damage. 
As to whether standardization can be made now, 
chances appear slim. One major factor which augurs against 
standardization is the great number of panel designs on the 
market. The curtain wall fiel4 is relatively new--most of 
the development having came within the last ten years. Each 
manufacturer it seems came up with his own design, which was 
supposed to represent the epitome of all that was desired in 
a porcelain enameled panel~ That no one design appears to 
predominate indicates the opinion of the building trade. 
An added fact is that jobbing Shop salesmen will attempt to 
get their panel type construction specified by the architect, 
thus helping to eliminate or modif1 the risk inherent in 
competitive bidding. This practice, of course, does not help 
to standardize building panels if the industry itself does 
not apparently want it yet. 
The best materials for use in panel construction 
have as yet not been found. The writer can think or some 16 
types of insulation, some of which may require different panel 
construction, and as many adhesives and other types of fasten-
ings. An added deterrent is that building codes have tended 
.to restrict the use of porcelain enrumeled panels. These 
codes are quite old and were written and approved long before 
curtain wall construction came on the market. Some progress 
on getting building codes revised has been made, but such 
revision in a particular area may. be for only one type of 
panel construction. 
One very important fact which limits standardization 
of panels are the views of the window-wall manufacturer and 
the architect. Much of the success of curtain Y~alls has been 
due to window-wall manufacturers with whom jobbing enamelers 
may work. Panels are so made that the panels will fit into 
the window manufacturer's casements, and the whole building 
wall may be erected as a unit. Standardization of window 
units must then be settled at the same time as standardization 
of panels. 
of design. 
The architect,· ori the other hand, wants freedom 
For instance, view the number of panels with drip 
flanges, overhangs, indentations, angular pieces, and the like 
on buildings. It is relatively simple to achieve various 
effects using modular brick because the unit is small, but 
porcelain enrumeled panels being large restrict the architect's 
freedom of design. It can be expected that some standard 
panels would be used, but not for all parts or the building. 
When a panel_gets to the job it is supposed to 
drop nicely into place. This does not always occur. Ir 
panels could be cut to size at the job site, this factor 
would not be important. Only porcelain enameled aluminum 
at this time can be sheared without chippage when compared 
to conventional sheet steel enamels commonly used on panels. 
It is interesting to note that the only reported manufact-
urer of standard stock size porcelain enameled building 
panels is making these stock sizes using enameled aluminum.* 
Standardization of parts usually comes when develop-
ment has been completed. Since'development of porcelain ena-
meled curtain walls is yet but in the for.mative stage, it will 
be several years before standardization of panels can be seri-
ously considered; rather, efforts should be redoubled on solv-
ing the problems which the writer has mentioned. Standardiza-
tion at this time seems most applicable to building which 
is made in repetitive units. 
3. Standardization of Colors and Enamels 
That color is now wanted by the consumers is an in• 
disputable fact. In the depression years people seemed to 
approve of ascetic whites, creams and grays, but as prosperity 
c~e to this country, people began to want gaiety, a symboliza-
tion of which was reflected in a demand for colored finishes. 
Manufacturers of appliances are very sensitive to 
how well the sales of each particular colored appliance is 
* 49, P• 53 
holding firm. They will add or drop a color depending on the 
trends of consumer acceptance over a relatively short period 
of time. The choice of color by consumers is not uniform for 
all manufacturers or for all territories.* Jobbing shops 
have always used colors principally for signs and gas stations 
but these colors were too bold and harsh to be used on schools 
and hospitals when the curtain wall boom started. As a conse-
quence, porcelain enwmel applicat~on fir.ms were ill-prepared 
to cope with the problem of color. In the rush to satisfy 
consumer demands a multiplicity of colors came out, no two 
of which appeared to be the same (distinctiveness was the 
rule). 
The fact that all ranges of colors were desired 
created inventory control, color matching, production and 
costing problems. Whereas an enameler may have had but a 
few coloring oxides and trits before the war, he had to have 
special new materials to arrive at stable compositions which 
the now color-conscious public would accept. Whenever an 
enameler had trouble achieving satisfactory production re-
sults from a certain color, field expediency dictated that 
he would have to look for something new to try. That the 
suppliers themselves had to develop new oxides or frits on 
short notice also created problems which had to be solved 
quite_often through trial and error in the manufacturer's 
plant. The writer recently checked the inventory of his 
* 83, P• 6o 
fir.m1 s materials and found that the enamel shop was using 
over 30 coloring oxides and.about as many frits, each of 
which had some definite use. There is no reason, however, 
why such an inventory can not be cut and yet yield every 
color or type of finish that a customer may desire. 
Besides inventory problems, matching of a color 
requires a skilled individual who knows the characteristics 
of each particular material as well as possessing virtually 
perfect "color sense". A trained person can distinguish 
between 7,500,000 and 10,000,000 colors, but even the un-
trained customer can distinquish whether the color supplied 
will. match reasonably well the sample which he sent. The 
writer has experienced innumerable problems in this regard, 
and for more than one customer, he has had to rematch a 
color several times before it was approved• the variances 
between any two matches usually being quite minute. It is 
estimated that the avera~e cost of providing color matching 
service is $25 per match. 
Even though the color matcher may certi£y his new 
formula, it will probably require adjusting in production, 
which is costly. Any enamel slip left over will have to be 
discarded, because it is not applicable to any other job 
in all probability. Too often jobs are accepted before the 
color is chosen, and since various colors ~quire longer or 
shorter production runs, cost estimates may be in error. 
Vfuat then is needed is a standard range of colors 
chosen by the industry. In that manner the enameler can se-
lect the oxides and glass frits he needs and will l~ve his 
formulas and operational procedures standardized, too. For 
spe~ial colors, the customer should be willing to pay for the 
extra matching and running costs. That 9.5% of the architects 
on the average will accept such a charge is a fact.~:- If the 
range of colors that are supplied is of a reasonable amount, 
most of the customers will be satisfied to choose from among 
those available. Paint companies have used this technique 
quite successfully for selling house paints. 
Since standardization of colors is possible and 
definitely needed, how far has the ceramic industry in par-
ticular progressed along the way? 
There are four reco~ized color systems in use to-
day, and they are the ICI, NBS, Munsell and Ostwald Systems. 
The ICI {International Commission on Illumination) System is 
couched in purely theorhetical and mathematical ter.ms, the 
use of which is most important to physicists since it delin-
eates minute variations in color. It is of limited practical 
use since each color cannot be visually seen but only by what 
the brain can see in the mind's eye. The NBS (National Bur-
eau of Standards) System is mainly a systemitized code of color 
names which is backed by certain physical data. Both the 
~} 68, p. 67 
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Munsell and Ostwald Systems are of practical interest since 
they are usually explained by the use of color chips. 
The application of these color systems to the cer• 
amic industry has been very slow. In 1935 the industry agi-
tated for color standardization~;~ and by the end of 1937 
the National Bureau of Standards had proposed Standards 
CS 63-38 and CS 62-38 for color standardization of bathroom 
and kitchenware en~led products. Its adoption apparently 
has been neglected or was never quite approved. 
The next system to come along was the development 
of the "Color Harmony Manual" in 1942 by the collaboration 
of the Containor Corporation of America and Martin-Senour 
Paint Company. In 1952 it was partially applied to china 
manufacture.iH:· The Color Harmony Manual is based on the Ost-
wald Color System. At this time the only ceramic firm who 
advertises that it will match colors by the Color Harmony 
Manual is the Mason Color and Chemical Works of East Liver-
pool, Ohio. During the past year the PEI started its work 
to develop a suitable color system, progress on which has 
been slow. 
Since development of color standards is still in 
the formative stage, the author would urge adoption of this 
"Color Harmony Manualn as the means to standardize colored 
enamels for porcelain enamel jobbing shops. 
I 
ILLUStRATION NO. 3. 
PICTCIUA.L REP.&.ESENTATION OF 
THE OOTWALD COLeE SYSTEM 
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According to the Ostwald Color System, as it 1.s: 
used by the Color Harmony :Manual, colors appear o:r two types, 
)l) achromatic, which are white, gray, blac1t and all shades 
in between, and (2) chra.matic, which are the various colors 
in the rainbow.* These two types are systematically arranged 
in the manual through use o:r the :t:ollowing analogy. Imagine 
that all colors can be represented by a solid body similar 
to a child's top. The axis on which the top spins will be 
called the gray scale, which can vary :t:rom jet black on one 
e~d to snow white on the other end. Around the circumference 
at the center o:r the top one can :t:ind the "pure" colors which 
awpear in the rainbow. If: one then slices this top into in-
:t:initely thin sections through the axis, he will get diamond-
shaped sections, one-half of wlich will be of one color and 
the other half will be a color which is complementary to the 
other color. The reader is asked to refer to Illustration 
No. 3 for a simulation of the top and Illustration No. L~ :t:or 
o~e-half o:r a thin diamond-shaped section, which is equivalent 
to one p:t ge in the Color Harmony ¥a.nual. 
If one will re:t:er again to both illustrations, he 
should see that along the edges or skin of the top one will 
find a pure hue mixed with white (ca to pa) or mixed with 
black {pa to pn). All other colors inside the top will be 
mixed with gray; that is 1 .the colors will contain both black 
and white in rome mixture. 
* 6, p. 3 
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The Color Harmony Manual resembles a looseleaf note-
book, the pages of which 6ontain 28 plastic chips arranged in 
the triangular form shown in Illustration No. 4. The blue 
hue chosen for this illustration represents approximately 
the manual's hue#~~ These plastic chips have a glossy and 
a matte side to distinquish texture variations. There are 
30 pages in the manual which cover the total range or colors 
in the spectrum plus charts of pure grays, near grays, and 
spec~al series which fill in visual gaps in the case of rour 
hues. The total number of chips available is 973 1 a suffic-
ient am~1nt to satisfy most customers. 
The advantages of the manual itself are that it is 
portable (looks like a briefcase} and the chips can be re-
moved and compared with other chips either for color matching 
or design work. The chips have a definite physical basis 
which is related to the sensation the viewer may receive from 
any one color. The system can also be geared to the ICI 
and NBS Systems previously mentioned; that is, each chip can 
be explained in either mathematical terms or by a name instead 
of a number. Firms or people who own manuals total approxi-
mately 500 industrial organizations, 250 artists or architects, 
and 300 paint manufacturers as of the summer of 1953. The 
cost of the complete manual at that time was only $150, and a 
chip could be replaced at a cost of only 25~. 
The above reasons only justify the use of the Color 
Harmony Manual as a tool; it does not provide the actual 
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physical porcelain enamel chips which are what the enrumelers 
desire. It would also be fine to have 983 standard colors, 
but thia number seems to work against what standardization 
is supposed to achieve: the elimination of superfluous 
sizes and types. How then can the enrumeler supply a suffi-
cient range of colors for the customer and yet keep his 
inventory under control?· 
Referring to Illustration No. 4, the reader will 
see areas which are called interior, exterior and sign colors. 
From the writer's own experience with some 200 porcelain ena-
mel colors which were run on jobs plus paint company folders, 
it was found that customers tended to choose from those areas. 
Pastel shades are used for interior walls, medium colors for 
exterior walls, and brilliant, dark colors for sign work. 
Colors with a large amount of black, with the exception of 
jet blacks or blue-blacks, were seldom chosen. Therefore, 
depending on what a jobbing firm's product line will be, 
the area of color on each page within which he must work is 
quite limited. It will be noticed that the exterior colors 
tend to cover the widest area, and it is in the architectural 
building facade field where jobbing enamelers have experi-
enced mo~t o~ their color problems. The writer would choose 
chips ea, ia, na, ic, nc, and lg as being six colors which 
would bracket the range of colors used in architecture. 
This would cut the colors used on a page from 28 
to 6. These colors are all of one hue, which only reduces 
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the 983 colors by so.me 8Q%. Since each page of the manual 
is relatively close to the next page, it would be possible 
to take every other page, thus permitting a further reduc-
tion of colors down to a number totaling some 30 to 40. 
This reduction does not take into account certain special 
factors. One does not have to provide violets or organdies, 
but there must be provided browns and maroons, which are 
yellows and reds with a large ~ount of black in them. 
Chartreuses, lemon-yellows, and orange-shaded yello~s all 
occur on successive pages, and if a page was skipped in 
the yellow region, _the loss of certain colors would be ex-
tremely noticeable. It is believed by the writer that it 
will take some 60 or more colors to provide a suitable 
selection of colors for customers. 
This number of colors still seems to be large, 
but the writer will attempt to show how not only these colors 
but all of the other colors in the manual may be within cer-
tain limits calculated by simple algebraical methods. Not 
only will it be possible to do this, but it will be done 
with but a few oxides and glass frits. 
In the most perfect practical sense one should 
only need one white opacified glass for direct application 
to the steel and three coloring oxides_o£ red, blue and 
yellow hues. By controlling the thickness, one should get 
gray and black s~des, but a bl~ck oxide should be used. 
As it stands now, direct application to the steel of cover 
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coats is still experimental, so one must have a ground coat 
glass, too. Most ~ir.ms use several ground coat enamels which 
contain two or more frits. It is expected that enamelers 
should only use one ground coat enamel for all work, which 
presupposes that the products coated will be conventional 
sheet steel enamels and that the equipment used to run those 
products is the best. The maxim is to decide what the firing 
temperature will be and then work out the problems associated 
with production using a single ground coat enamel. The main 
firing ranges of enamels are only for ceramic coatings, sheet 
steel, low fire, cast iron, and aluminum; and most companies 
do not do work in all of these categories. 
The next question would be how to use a minimum 
number of cover coat frits. Of those in use there are four 
main types: titanium, zirconium, and antimony opacified 
frits and clear glass frits. It is assumed that the firing 
temperature of the glass will first be chosen, and then the 
cover coat glass frits will be chosen. There is no reason 
for using zirconium enamels since they are non-acid resis-
tant, and titanium enamels are far superior to antimony enamels 
in both acid resistance and opacity. The bad characteristics 
of titanium enamels are that they are somewhat color unstable 
and can only be used to make pastel or semi-intermediate colors. 
Assuming that good equ~pment was used, we would have to have 
three cover coat frits. A titanium frit for pastel and inter-
mediate shades; an antimony frit for medium shades; and a 
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clear glass tor very deep shades and for reds, oranges, 
purples, and certain yellows, which are only stable in non-
opaque trits. 
To Choose the .colo~ing oxides needed, one should 
only need a blue, black, yellow and red. Actually, when 
one mixes yellow and blue to get green, and if' the two 
oxides are far apart in color value, the mixture will have 
a slight tinge of black, since that is what happens in color 
subtraction problems. It is then necessary to have a blue-
violet, blue, acqua, chartreuse, lemon-yellow, orange-yellow, 
orange, red-orange, and red oxide plus a black and one yellow~ 
brown and one red-brown oxide, because both yellow and red 
with black will not produce good browns. The oxides chosen 
must be free of black tints and be of powerful coloring 
ability. There are such oxides on the market which will 
meet these qualifications. 
On the basis of the writer's assumptions, the total 
number of frits and glasses to use now numbers only two or 
three ground coat frits, three cover coat glasses, and twelve 
exides. This number appears to be doubled at le.ast in most 
shops. 
Assuming that we ~Ave chosen our oxides so that 
they will produce a colored enamel which exactly fits a page 
of the Color Harmony Manual, the next procedure is to find 
out how mixtures of' two colored oxides and additions of white 
1.59 
or black will be reflected on the pages of the manual. It 
was found by the writer that if two oxides were on pages 
one and three, and equal amount of each tended t o produce 
a color on page two. In an opaque enamel if the oxide con-
tent was cut in half, the color would shift one chip over 
into the pastel region but keep on the same line. Refer-
ring to Illustration No. 4, it would mean for example the 
shift from chip ia to chip ga. The addition of black to 
a white enamel so that it makes up approximat~ly 1/8 of 
the formula will shift the enamel one line towards the 
black end of the triangle like going from chip ga to gc. 
It was also noticed that titanium frits ~ill always produce 
colors on line ec to pc; anttmony frits with a tinge of black 
will be found on line ec to pc; and clear frits over ground 
coat will produce colors on line ge to pe. Using the right 
glass with the right oxide will cover the range of most of 
the colors used. By knowing what the strength of your 
oxides are, it is possible to sit down at a desk and calcu-
late the formula needed to ~duce a certain color. 
Hence, a firm may have several hundred standard 
colors, but all it needs is several bar~els of standard 
enamels. All one needs to do is mix them in the proper 
proportions to arrive at the correct color. Since the 
production shop only needs to make standard enamels, color 
matching and adjusting color problems are reduced. Prod-
uction runs should be simplified since only the particular 
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characteristics o~ the standard enamels and their mixtures 
needs to be determined, and once determined, the problems 
should not recur. 
4. Simpli~ication or Diversi~ication. 
Normally, a jobbing shop is a diversi~ied enter-
prise, and rightlr it should be. Host o~ them are in busi-
ness to satisfy a de~inite need for specialty work--general 
enameling to order, and nothing more pretentious. What 
relatively small work that a large appliance manu~acturer 
does not want to do he farms out to a, jO'b~er. Customers 
who want enameled parts, the volume o~ which is either too 
small or of' too much complexity for a large specialty 
enameling firm to want, the jobber will: ge't; the business. 
View the fields in which jobbers accept work as shown in 
Table V, and it will be noticed tr.~At divers-ification tends 
to be the ru.le. 
Mainly, the question concerns how much diversi-
fication is desirable. The jobbing enamel,tr,must consider 
the nature and uses of his products. It ia' simple enough 
to accept appliance work, but inspection is quite rigid. 
Unless the enameler has a good, clean shop the reject rate 
will be too high to be profitable in an area where profit 
margins are dwindling. This is perhaps dUe of the major 
reasons why enameling shops are re~sing this business. 
Jobbing tends to be highly competitive and com-
petition dictates more diversification. Jobbing enamelers 
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should look into new £lelds which have been so £ar overlooked. 
Perhaps, a more pro:f'i table line can be round in those :f'ields. 
where the competition is mainly £rom outside the industry. 
Pricing policies should help to simpli£1 the pro-
duct line. It is recognized that pricing o£ jobbing products 
is di:f'£icult, but if the cost accounting system discloses 
that certain types o£ work appear to be consistently unpro-
:f'itable, they should be dropped or production methods should 
be carefully scrutinized. Salesmen have told the writer that 
some work has to be accepted in order to get other work which 
is more pro:f'itable, but in that case, it must be determined 
whether it is more profitable to drop or keep all the business 
over the long run. There are two other £actors which need 
edpecial study here. Replacement panels and very small, non-
repeat orders are a source of production trouble. The price 
o:f' putting replacement panels through production in many 
cases is more than :f'or what it may be sold since old, wea-
thered colors are hard to match, and too much attention has 
to be paid to the run of the order through the shop. Small 
non-repeat orders usually require special care, too. 
To add or drop a product depends on other factors, 
such as brain power needed, whether pr.esent manu£acturing, 
sales and distributional :f'acilities can be utilized to the 
best advantage, and the cost o:f' the product and its e£:f'ect 
on production. 
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Accepting appliance and sanitaryware work has not 
affected the jobber too much, but the architectural field 
did. Engineering personnel were needed for design. The 
I 
sales and distribution techniques needed1 to secure panel 
business were quite new and required constant attention 
or business would be lost. Since it was not known what 
color whould be chosen by the customer or what special 
attention was needed when the job was taken, a fir.m could 
very well lose heavily and quite often did. Enameling of 
aluminum mullions, for instance, would require a separate 
production facility if the mullions were desired to com-
plement the conventional sheet steel enameled panels which 
were to go on the building. 
In one plant the writer visited, production started 
out the day enameling track mnftlers, then switched to ground 
coat, then to bathtubs and finally ended up the day with 
architectural cover coat work. This was not hard to do since 
the variance in fire was only 100 °F and the furnace tempera-
ture was gradually reduced over the day. However, if the 
fir.m tried to run cast iron or low-fire enamels which would 
have required a 300 °F drop, furnace time would be lost due 
to slow cooling periods. Changing fro.m one product to another 
usually necessitates different handling techniques, but proper 
scheduling will aid in elimination of this problem. 
The writer can offer no pat formula for simplifi-
cation of a jobbing shop product line. It is expected in 
time that some shops will do nothing but architectural ena-
meling or the enameling of new products. It would appear 
that the only satisfactory method of simplifying a jobbing 
shop product line is to specialize on but one field, if the 
shop can make a go of it. 
164 
V • MANAGl!:RIAL PROBLEMS INVOLVED IN JOBBING SHOP 
_PRODUCT_ LINE .. DEVELOPl4ENT _ 
A· Sales Problems: 
An industrial concern may have the most modern plant 
and equipment and personnel to turn out certain products, but_ 
it they eannot be sold. the firm w1ll soon fail. It is the 
intention of the writer to discuss here how a jobbing shop 
secures its sales and distributea and prices i~ products. Sec-
tions will also be includei on the present and tutute sales 
potential of various porcelain enameled products and certain 
other special problems affecting jobbing shop sales. 
1. Achievement of Sales 
From answers receive& through discussions with various 
jobbing shop salesmen, the writer tound that sales may come from 
a variety of sources. Essentially, most of the sales have come 
in the following catagories: old, long-standing customers; new 
customers who come in through advertising, recommendations of 
satisfied customers and those who need a special problem solved 
which porcelain enameling can answer; aggressive contract sell-
ing; location; sole or limitei supplier; special advantages as 
quality work, quick delivery and favorable price; by con~ract or 
competitive bidding; and through the use of middlemen such as 
manufacturer's agents, sign companies and window manufacturers. 
Many of the old customers tend to be those whose need 
for porcelain enamel does not justify the establishment of their 
own special porcelain enameling shop or those who believe that 
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~e ac~ual manufacture of the product would not properly fit 
their manufacturing operations. The recent integration of 
appliance and sanitarywa.re business has tended to force jobbing 
enamelers out of these lines. 
Advertising has been limited to the most efficient 
means like good public relations, mailings, brochures and 
exhibits aimed solely at the market which is to be tappea. For 
instance, a page of two of advertising in "Sweet's Catalogue" 
. 
helps to make the construction field cognizant of the jobbing 
firm's. ability to supply porcelain enameled building panels. 
Sweet's Catalogue is the "bibl.e'' of the construction industry, 
. ~ 
and it can be found in the banda of most architects and build-
ere. Once several jobs have been done for a certain trade, 
word will pass among firms associated with the trade as to the 
merits of the jobs; and, if the work receives favorable comment, 
new customers may come in for service. 
Contact selling has been needed only recently by job-
bing shops. In the past when much appliance and sanitaryware 
work was done, sales work amounted to keeping their large cus-
tomers happy so that o-rders for a definite number of units 
woula continue to come through on a regular basis. I~s most 
recent~important application has been in the promotion of 
architectural building products. The comments from two sales-
men whom the writer questioned indicated some difference of 
opinion. One stated that it was a .. rugged" business and the 
. . 
other said there was no problem locating sales. Since the 
former was more or less operating on his own and the other was 
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handling a firm's inquiries, their opinions were understandable. 
Bo~ of them agreed, however, that a personal call had to be 
made on the customer to sell him on the use of porcelain enamel 
first, and then get him to specifY the particular firm's prod-
ucts. Contact selling is also needed in industrial and consumer 
products if the jobbing shop encourages such work. 
A shop which is located within a certain area has the 
advantages of cheaper transportation costs (crating ana shipping 
of large, heavy porcelain enameled parts is expensive), communi-
cation and quicker delivery over a firm located in another area, 
if this second firm desires to sell in the former's area. For 
sign work this is important. bu~ in other fields it has become 
less important.. Even in selling architectural building panels, 
location apparently is not so important because innumerable 
illustrations can be found where firms located several hundred 
miles away have sold panels for a job right in another jobbing 
shop's back,rard. 
The advantages of being a sole supplier or where the 
number of suppliers is quite small has not been too gr~at a 
factor, in jobbing work. Most jobbing shops ten4 to do the same 
k1D4 of work, however, firms like A. o. Smith and PfaUdler 
Corporation, who manufacture large glassed-steel tanks, have 
the field much to themselves. Because of the special nature of 
the work, other firms have tende4 not to compete. It is the 
specialty products where the jobber may have the field to him-
self. If the volume of such work becomes appreciable, other 
jobbers will enter the field. An example has been architectural 
work where but a few firms started ten years ago, it would 
appear that all jobbing shops are now either doing or con-
sidering doing work in that field. 
Quality work has the advantage of attracting cus-
tomers, but if most firms provide sueh work, the advantage 
ceases to be a controlling factor. One firm has had a de-
cide~ advantage on other shops beeause it has been able to 
applr high temperature eeramie coatings more successfullr than 
the others in that product category. 
The~e have been cases where, all other things being 
considered, a sooner delivery date will allow one firm to get 
a job over another. One shop who competes with two other job-
bers in the immediate area belie•es some of its success is due 
to quoting an earlier deliver.r date than the other firms. In 
fact, it has actually been able to generate more sign business · 
that would ordinarily have gone to the plastic or paint people. 
It takes three months from the start to the erection of the 
sign of which the manufacture of the porcelain enamel sign 
takea.abqut six weeks. By quoting on one week delivery, this 
firm was able to better the plastics people's quote of from 
three to four weeks. · It may take a customer two years to make 
up his mind as to what sign he wants, but when he decides, the 
need for the sign is immediate.· Delivery of architectural pan-
els is often similiar to sign work when opening dates of a 
building must be met on time. 
Favorable pricing is a very important factor which 
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will be treated in a separate subdivision of this chapter. 
Sales from contract and competitive bidding go hand 
in hand. In some cases, contracts are let without the necessity 
of bidding depending on the factors involved, but usuallr in 
arehitectura1 work or for large volume parts, various jobbing 
firms must bid for the work. This factor probably lies at the 
root of the practice of getting a possible customer to specify 
a certain firm's product thus circumventing to some extent the 
chance of losing a job through competitive bidding. 
Most jobbing shops ten4 not to have large sales 
organizations, but would rather just supply enameling facili-
ties. Henee, for certain products like signs, chalkboard, 
table tope, bathtubs and the like, a jobbing firm will supply 
products to a firm specializing in distribution or to a manu-
facturer's agent. Most jobbing shops being small cannot 
afford the costs of promoting and selling products which go 
to a national market. 
2. Customer Service 
The service which a jobbing shop can offer a customer 
in no small measure contributes to their success on an organiza-
tion. As a check to see how well jobbing shops were faring in 
this aspect of sales achievement, the writer questioned several 
firms who were long-time and new customers of jobbing plants. 
What the answers amounted to was that no two customers are 
alike; some were disgusted and others praised the work even 
though both may have been customers of the same firm which 
produced one product for both of them. This is probably true 
for all businesses. 
At any rate, certain factors were prominent. For 
all types of work customers expressed dissatisfaction with 
work which was prone to chippage. Poor edge coverage which 
would cause rusting was also universally disliked. It should 
be incum&ent on production to introduce corrective measures 
to alleviate these conditions. 
On the matter of workmanship, customers became more 
vehement as the inspection required became more stringent. As 
a jobbing shop begins to produce parts where little variance 
is tolerated, better handling and operational methods must be 
used or customer complaints will 1nerease. For instance, most 
architects disliked "oil-canning" of spandrel panels because 
" . 
it made their buildings look like gasoline stations rather than 
the·works of art that they were supposed to be. 
What the customer wanted in the way of color was 
evidenced by two varying schools of thought. One school wanted 
clean surfaces without any fake texturing or imitation, and the 
other class wanted an infinite variety of textures, finishes, 
etc. which apparently were not being supplied. There is no 
reason wh;r both schools cannot be sold. It is simple to retain 
the free,. uncluttered look, and by referring to the previous 
chapter on processes of this thesis. the reader shoul4 be able 
to glean enough ideas to satisfy the other school of thought. 
To better serve the customer, the sales department 
must throughly investigate the basis for customer complaints, 
and take measures which ~1 eliminate them. 
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In one repor~* the writer found a list of respon-
sibilities that firms mus~ have to widen the market for porcel-
ain enameled products. The points are reported as follows: 
Frit Supplier 
-
a. To continually improve the product through thinner 
coats, elimination of blue ground coat. and reduction 
in burning temperatures. 
b. To keep product competitive. 
e. To develop and improve processes and equipmen~ by 
working with manufacturers of the equipment. 
d. To constantly check ana investigate the merits of 
competitive finishes. 
Job Shop 
a. To keep abreast of and atuty new processes and equip-
ment. 
b. To· maintain efficient operations. 
e. To produce a quality product of which it can be proud. 
d. To strive to be a good and honest competitor. 
3· Distribution 
There is no set distributional pattern for jobbing shop 
produets. Sanitaryware and appliances are usually products which 
have been farmed out by some large firm for the porcelain enamel 
application. Kitchenware can be sold through distributors or 
direct to large merchandising concerns. Reflectors are usually 
sold through large distributors or through contracts for some 
installation. Industrial equipment is sold direct to the users 
in most cases. For architectural products signs can be sold to 
* 22, p.l2 
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sign erection firma, or the business can be obtained direct 
from the customer. Gas station wGrk is purchased by the oil 
companies, and building pan&ls are ordered direct by the 
general contractor, architect, or window wall manu:t·acturer. 
General jobbing work is distribute4 through about every medium 
conceivable, but in the main. it is just general enameling to 
order for any customer who may happen to desire it. 
' 
4. Pricing Policies 
The pricing of any product depends on the manufactu-
ring costs of the product and the profit margin that is desired. 
Whether such a price will be accepted by customers is yet another 
factor. In this subdivision of the thesis, only the pricing 
policies of jobbing shops as they now stand will be discussed 
with competitive pricing policies in regard to other materials 
being left to the section on sales potential of various products. 
a. By Product 
If the reader will refer to Table XVIII he will see 
that there exists a considerable variance among products as to 
gross profit percentage and selling price. Stock sheets have 
the lowest gross profit and selling price because they are 
easily produced, their manufacturing cost can be easily calcu-
lated, and highly competitive conditions dictate low value for 
both factors. Chalkboard and table tops require higher margins 
and selling prices because more costly processing is needed, 
higher distributional expense is incurred, and inspection is 
more stringent. Murals are very high priced mainly for the 
reason that it requires the patience and talents of an artist 
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TABLE XVIII 
MANUFACTURER'S SELLING PRICES AND GROSS MARGINS OF 
SO~ JOBBING SHOP PRODUCTS _ 
_ . Approximate 
Gross Profit Selling Price 
Product Percentage Per Sq. Ft. 
Gas Stations 
Mural. a 
Stock Sheets 
Chalkboard 
Tabl.e Tops 
High Temperature 
Escalator Risers 
Raw Edge Architectural Panels 
Pan Type Architectural Panels 
0-20% 
Ave. 7% 
40-50% 
5-10% 
30!' 
20~ 
40% 
20% 
20-30% 
20-30% 
Core, lamination &: backing sheet 
for raw edge panels 20% 
for pan type panels 20% 
Erection 
Gas Stations 20% 
Architectural 20% 
fl.30 - f2.00 
$30 
f0.50 
f0.4o - o.ao 
fl.OO - 1.10 
Varies oonsi4era~ly 
doesntt depen4 on 
unit basis, quoted 
by part 
fl.OO 
$0.70 - o.so 
fl.05 - 1.20 
fo.so - o.go 
fl.oo·- 1.15 
f0.60 - o.so 
f0.80 - 1.20 
Source: Bettinger Corporation cost estimator's opinion of 
general industry figures. 
TABLE XIX. 
. . 
ESTIMATE OF MANUFACTURED COST AND SELLING 
PRICE OF A GAS STATION EXCLUSIVE 
OF EREOTION.COST 
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Material or Operation 
Metal. 16 gauge enameling iron 
Ketal Forming 
Cost - 1/ ~q. tt. 
' 0.211 
1. Layout 
2. Shear to size 
3 • Benchwork 
4. Form 
5· spot weld 
6. Gas weld 
7. Finish 
8. Check and inspect 
TOTAL 
Enameling 
1. Pickle ware 
2. Enamel plus mill 
room labor 
3· Spray 
4. Brush 
5· Burn 
6. Cheek & inspect 
Engineering 
Overhead 50% 
TOTAL 
0.042 
0.046 
0.046 
0.090 
o.o38 
0.076 
o.o11 
0.010 
0.015 
0.140 
0.102 
0.011 
0.081 
0.020 
Manufacturing Cost 
Aid sales and administrative expense 
A&l 10~ profit 
Selling Price 
0·359 
0.369 
0.030 
0.485 
• 1.454 
0.145 
0.145 
' 1.744 
Souree: Bettinger C.orporation general estimate - no two 
gas stations are alike. 
TABLE XX. 
S~~TED PRICES OF 
PORCELAIN ENAMELED NEON SIGN FACES ($/ sq f't) 
On~( Tbree Five 
Area in sg, ·ft One-~H~ One ~ One-Qt:;an 
4 3.96 1.46 6.1tJ+ 2.69 8.74 3.72 
10 2.80 1.27 ~--59 2.38 6.20 3.14 
20 2.20 1.21 3.43 2.33 4.86 2.93 
100 2.11 1.21 2.80 2.24 4.07 2.70 
200 1.99 1.21 2.75 2.24 4.01 2.64 
Notes: o~:- refers to number or colors desired on st gn. 
-!H( refers to number of' signs desired, quan means 
10 or more signs. 
EXTRA CHARGES 
1. Rounded ends on signs -- $1.44 per lineal foot. 
2. Stippled background -- $o.o6 per square foot. 
3. Unsymmetrical design -- 5~ of' cost. 
4. Extra flanges $0.07 per lineal root. 
5. Signs under :rour square feet in area -- add 5o% o:r 
base price. 
6. Doors in sign -- $1.00 to $3.00 
7. Unusual design -- by special quate. 
Source: Bettinger Corporatlon Sales Department -- the 
prices as given are not necessarily those which 
are actually used. The ones given are only an 
an approximation of normal industry quotation. 
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besides requiring special handling procedures. High tempera-
~ure applications require high gross margins because of pro. 
ceasing problems and the fact that volume is highly unstable. 
Aircraft companies think nothing about sending in a few parts 
and wanting them back the same day. 
It is in the architectural field where prices tend 
to vary. Although gas station work is relatively high priced, 
the gross margin t.ends to be low. Over \he years enameling 
processes and fabricating techniques have become somewhat 
standardized, so that quotes on gas stations from various 
firms tend to be not too far apar~. In order to be considered 
for the work, too high a profit is not possible. 
For architectural panels pricing, besides enameling 
costs, depends on the engineering needed, type of panel, insula-
tion required and whether the panels will be erected by the 
enameler or a construction firm. The gross margin in this field 
is affected also by the peculiarities of the trade. For instance, 
a general contractor may be quoting as low as 2% net on a big 
building job. The general contractor supervises the entire job, 
but he may only establish the foundations, perform the groundwork 
and do some interior finishing. Most of the work is done by 20 
or 30 subcontractors of whom the enameling shop is one. In order 
to get the most favorable price from each subcontractor, he will 
pit competitor versus competitor to get price cuts to assure him 
a buffer against his bid. In most cases, the enameler will 
quote right but will end up accepting the job at a low price. 
For file bids this chicanery is done before the bid is submitted. 
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The practice may nQ't£ be condoned, but it has been a fixture 
of the trade for years. 
An example of how a gas station price may be estim-
ated is shown in Table XIX. Pricing of quantit&ies, b7 area 
and bJ color is shown by the sample of sign quoting on Table 
xx. The price naturally falls as the area and number needed 
increases and rises as the number of colors (processing steps) 
needed increases. 
In one session of a management seminar* devoted to 
bidding practices of jobbing enameling firms, various factors 
were diseusse4. It was brought out that the reasons for quot-
ing lower prices were (1) quoting from hunger (2) advertising 
reasons (3) customer relatione {4) keep your labor tully 
oceupied-(S) to gain experience 1n particular markets and (6) 
to recover sunk costs. Of those numbers (1), (3) and (4) only 
were permissible under any circumstances. 
Amang the factors listed for higher pricing quotations 
were (1) a tull shop causing a desire to take business only at 
a higher price (2) undesirable work which is not wanted except 
at a higher price (3) an out-of-ordinary risk maktDg higher price 
the only basis on which you are interested in the work (4) as 
shopping strategy, you may quote a higher price to see whether 
it is possible to get this amount, and (5) to sell quality or 
special characteristics that your company is particularily 
qualified to do. In the writer's opinion, point one is wrong, 
rather, it should be quoted right so tha'tt when business is 
* 21, p.4 
177 
needed the shop wi~l be asked to bid. A long delivery date 
should be offered.. Point two business should be taken if it 
would encourage other sa.tis:t'a.ctory business, or the customer 
may be referred to another shop. It is conceded that the 
high price will discourage the customer with nothing more 
needed to be done, but if he has other fUture work the reject-
ing firm might not be offered the business. Point three seems 
all right, but to those who take the risks, let them be the 
ones to reap the harvest. 
begin to take a. few risks. 
is only a bargaining tool. 
Perhaps jobbing enamelers should 
Point four is all right since it 
When the customer blanches at the 
price, any gooa salesman will rectify the price quickly if he 
has a margin on which to work. The last point is fraught with 
danger. Business is strewn with the wreckage of f'irms who 
adopted the sacrosanct attitude that no one could match them 
in quality. For jobbing enameling this seems to be a highly 
specious po1n~ for although a firm may have an advantage for 
awhile, that advantage will soon melt. 
b. Estimating and Bidding 
The preparation of estimates for various jobbing work 
should be performed by the person who not only knows the various 
ramifications of the enameling process and the end use of the 
product but also has some accounting skill. Estimating proced-
ures are accomplished along the following linea. Assuming that 
the engineering department has compiled a bill of materials, drawn 
the plans and accumulated the specifications pertaining to the 
job. the estimator will first determine the dollar amount of 
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enameling iron or other metal needed. Then the fabrication cost 
is determined. To those two costs are added. the cost of the en-
amel and the processing changes. Finally, crating, packing, pur-
chased parts, lamination and other costs are added. It is 
assumed that direct labor and overhead costs are reflected in 
these figures. The total of these factors should give the manu-
facturing cost of the job, whieh provides a basis to determine a 
selling price. It is realized that this is an over-simplified 
version of estimation procedures, but if the plant has a cost 
accounting system the chance for gross error is somewhat lessened. 
That jobbing shop enamelers are having trouble estima-
ting and bidding seems highly probable when viewed in the light 
that firms which produced architectural panels showed poor opera-
ting results in 1955, a banner year for manufacturing establish-
ments as a whole. Results of the conference held to discuss 
problems pertaining to bidding and estimating indicated that the 
reasons for such poor profits was not due to a shortage of busi-
ness but rather to several factors.* The factors were that the 
manufacturers had little or no experience in the construction 
field, increasing business was not reflected by increased staffs, 
and these firms were not familiar with costing and bidding 
'taechniques. 
The theory of bidding as brought out in the conference 
was on one hand a practical method to bid, and on the other hand 
if all firms used the system, the effect could be to artificially 
raise the present level of quoted prices. 
* 21, p.l 
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A simplified version of the bidding techniques used 
at the conference as modified by the writer will now follow: 
. Assume that a jo.b will cost flO,OOO to enamel and ship to the 
consumer. Then by a certain bidding technique one can find 
the proper bid which will allow an .equitable profit yet assure 
a good chance to get. the .1 ob as shown by Tabl.e XXI. 
Referring to Table XXI, over the long run the fll,500 
. . 
bid is correct since the profit is adequate, but the chances for 
getting the Job are stil.l better than one in two tries. The 
fallacy here lies in determining what the chances are for getting 
a Job at a e.ertain gross profit margin. For the firm which has 
a few years of experience, this factor might be fairly well 
estimated. The bidding would also assume that all jobbing shops 
are equally efficient and that the estimation of the cost of the 
job is correctly calculated• 
5· Sales Potential of Various Products 
It is assumed that the sales department has made fore-
casts of probable business for several years ahead to augment 
the quarterly or monthly estimates. These estimates not only 
should reflect the proposed sales of present products but new 
products which might be added. In subsequent sections of this 
thesis both topics will be discussed. 
a. Present Products 
The writer was able to find one article* written in 
1956 which dealt with the possible sales of various porcelain 
enameled products through 1960. The figures are given in 
* 79, p.64 
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TABLll: XXI • 
Theory of Bidding on Porcelain Enameling Jobs 
t.o 
Assure Profit and Getting Job 
Bid Margin Profit Chance to 
Get Job 
tlo.ooo 0% fO ~00% 
110,500 5% 1500 90% 
111,000 10% fltOOO 80% 
111,500 15% fl.500 60% 
112.000 20% 12,000 40% 
112,500 25% f2, 500 25% 
Source: Calculations of the author. 
Value 
of Bid 
to 
f450 
$800 
f900 
f800 
f625 
TABLE l.XII. 
PROJECTED SALES OF. PCIWELAII EIWIELED FftOOUCTS 
(in ailliou of dollars)_ 
PNdllet 1953 !22!! 1955 1956 1957 ~ 1959 1960 
1. RaDges • 133 120 106 118 128 140 140 156 
\2. Retrigera tora 30 29 26 27 29 30 30 32 
3~ Vaahi.Jlg Maclaiaes 26 24 22 2h 26 30 33 36 
4. Cootiat 1Jtellsila and Hoapi ta1vare 28 28 27 28 29 30 30 31 
5~ Illdustria1 Eqaipment 32 32 29 30 3l 32 32 33 
6. Signs 7 6 6 6 1 8 9 10 
1. Reflectors lS 20 19 20 25 26 28 30 
8. Architecture 25 28 32t 37t 35 hO 45 50 
9 ~- P1vlllrl Dg 42 40 36 3 7 40 42 42 $0 
10. Jobbing 27 26 24 25 27 28 29 30 
11. Hot water Tanks 15 14 13 19 20 22 22 24 
12. Miscellaneous 2 4 3 4 4 5 5 6 
- --------
Total: 382 370 365! 3761 391 433 445 488 
1-' 
co 
Sovce: Ceraaic Indll&'t17J= )Jfay-, 1956, p.64 1-' 
Table XXII. An analysis of the table indicates that range 
manufacture should noticeably _increase, but refrigerators 
will show only a small increase. Sales of washing machines 
will greatly increase; and oddly enough, enameled kitchen 
and hospitalware sales will slightly increase. Industrial 
equipment, retlectors and jobbing will show slight increases 
while signs, hot water tanks, architectural applications and 
plumbing ware will show major increases. 
The figures are based mainly on the predicted popu-
lation increase and that more 1'aimilies will come into being 
when the war babies reach marrying age. The increase in 
architectural applications has been forecast on its sales 
potential in the current building boom. Should the build-
ing boom ever die or slacken, those jobbing shops who are 
displaying a marked tendency to convert all their production 
over into architectural products will experience severe 
sales slumps. 
Another article-i:· authored by the head of the market 
division of the Porcelain Enamel Institute in 1951 listed the 
production of porcelain enamel in square footage for past and 
fUture years. In 1920 some 301 0001 000 sq. ft. was produced; 
1930 - 125,ooo,ooo; 1940 - 225,ooo,ooo; 1949 - 4oo,ooo,ooo; 
1960 est. - 700,000,000 and in 1970 est. - 900,000,000. Over 
1950 this represents a 125% increase in only twenty years, but 
the figures only reflect the present parts of products which 
-i:· 25, p. 99 
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are enameled. If all ex~eriors ot major appliances were to be 
enameled, by.l970 the increase would amount to some 715,000,000 
more square feet. 
Will the jobbing enameler profi~ in this boom? It 
would appear that by staying with his present products with the 
exception of architectural applications, his chances of greatly 
increasing his business are slim unless he looks over new fields 
for profitable new lines. 
At this moment of time (February 1957) indications are 
that the prosperity boom will be checked somewhat in 1957·* 
Business expansion and financing will not be as heavy as 1956. 
This factor should curtail archit.ectural applications, but so 
'tar jobbers are still operating at capacity and backlogs of' 
orders for architectural work are still increasing. Perhaps 
the great need for new schools, many of which now have porcelain 
enamel facades, will aid the enameler should other large building 
construction ease. 
b. New Products 
The writer believes that jobbing shops by virtue of 
their flexibility are most adaptable to initiating new porcelain 
enamel applications. Large specialized porcelain enamel manu-
facturers are concerned mainly with developing their own product 
and processes for producing tha~ product to the nth degree. If 
the reader will refer to the history of enameling, all porcelain 
enamel products were started by independent little concerns, and 
* 100, p.44 
when volume grew, large firms became interested. a.ncL entered 
the field. Development of new products should be the li1'e-
blood of jobbing shops, but as one member of the trade ex-
pressed the point. to the writer, "look at how t'ew were the 
number of new products to be introduced even after the PEl 
came out with a list of 100 new applications." 
It will not be the intention of the writer to 
discuss every conceivable ramification of new product dev-
elopment and introduction by virtue of the fact that a the-
sis could be written on that topie alone. For those who may 
be interested, the writer has found two very comprehensive 
booklets dealing with the subject which may be obtained with 
little cost. They are the Small Business Administration.Man-
agement Series #17, "New Product Introduction for Small Busi-
. . 
ness Owners," and the U.s. Department of Commerce publication• 
"Developing and Selling New Products ... 
The author will attempt to analyze the possible chance 
that various new porcelain enameled products may have in wresting 
business away from other non-porcelain enamel materials. 
Essentially, porcelain enamel applications must eompete 
with painted surfaces, stainless steel, plastic, aluminum, ano-
dized al~inum, galvanized iron and a whole host of building 
materials. It the reader will refer to Tables XXIII, XXIV, XXV 
and XVIII, enough data is given to roughly compare prices of 
various materials. Of those materials listed it will be seen 
that porcelain enamel is a rather expensive material. It com-
petes favorably with stainless steel and under low cost product-
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TABLE XXIII. 
·• 
PRICES OF STAINLESS S~ AT MILL* 
. 
One Side Cents I Sheet. .Sase Price~ PounCI . _ DOllars~ Square Ft. 
'l'I:2!1 Polish** 16 Ga~e 12 Ga!,Y5! 16 Gause 19 Gause 
302 /14 54.25 55·75 1.42 1.03 
302 #6 57·75 60.00 1e·52 1.·10 
302 #7 60.75 64.00 1-59 1.18, 
430 #4 46.00 47.50 1-19 0.86 
430 #6 49·50 51·75 1.28 0.93 
430 /17 52.50 55·75 1.35 1.00 
316 #4 81.50 83.00 2.16 1.53 
316 #6 85.00 87.25 2.26 1.61 
316 17 88.00 91.25 2.34 1.68 
Notes: 
* Does not include any estras than otherwise shown. 
**Various polishes - #4 is used tor architecture, #6 is sometimes 
used for architecture, #7 is used for extremely bright surfaces 
like food cooking vessels. 
I Structural shapes are on the average some 20% cheaper than sheets. 
@ Type 302 is preferred for architecture. Type 430 will do in a 
pinch but is not recommended. Type 316 is used where corrosive 
conditions are encountered like near t~e seashore and industrial 
areas. 
Source: ARMCO Corp. price list which is approximately the same as 
all steel companies. October 22, 1956· 
TABLE XXIV· 
PRICES OF VARIOUS METALS AT MILL 
Kateria~ 
Hot. rolled sheets 
Hot rolled strip 
Cold rolled sheets 
Cold rolled strip 
"Ti-Namel'' enameling iron 
Enameling iron 
Aluminized steel Type 
Galvanized sheets 
Zincbond for paint 
Paintlock (Bonderized) 
Anodized aluminum 
Aluminum 
Zirconium spo,nge 
Titanium 
II 
Base Price 
lf cwt~ 
• 4~675 
4-675 
5·750 
6.850 
10.075 
6.375 
8.775 
6.300 
6.975 
7-125 
147.300 
55.000 
453 .ooo 
1500 - 800 
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Base Price - 18 gauge 
f I sq. ft. 
_.0.0935 
0.0935 
0.1150 
0.1370 
0.2015 
0.1275 
0.1755 
0.1358 
0.1395 
0.1425 
0.8220 
0.3076 
22 • 0 min • est • 
PRICES OF SELECTED STEELS ABOVE AT MILL BY. GAUGE 
Material. Base price ¢ I sq. ft. 
· 16 ga. 20 ga. 24 ga. 
Enameling iron 15·9' 9.6 6.4 
Paintlock 17.8 10.7 7-1 
Galvanized 
steel 16.7 10.4 6.3 
Source: Republic Stee~ Corp. whose prices are approximately the 
same as the industry. August 7, 1956; Inland Stee~ Co., 
Alcoa Aluminum Co., Finish, May 1955, p.7~ 
TABLE XXV. 
:PRICES OF VARIOUS MATERIALS 
Material 
Formica, unlamina ted 
Formica, unlaminated 
Tile board 
Masonite 
Masonite 
Plywood, interior 
Plywood, unfinished 
Transite 
Transite 
Asbestos siding 
Asphalt siding 
Asphalt roof'ing 
Plastic tile 
Painted aluminum tile 
Mirrawall, unlaminated 
Two-coat pore. ena. sheet 
Basis 
1/32" 
l/16tt 
1/16" 
1/8" 
1/8" 
l/4tt 
.5"jl6" 
1/4" 
1/2" 
As is 
As is 
As is 
Field 
Field 
32 ga. 
20 ga. 
Price 
hlt.¢/ sq f't 
6i1/sq f't 
31¢'/sq rt 
9.5//sq ft 
3~/sq ft 
14¢/sq ft 
11.5/sq f't 
22¢/sq ft 
37~jsq f't 
16¢/sq ft 
4p!fsq f't 
9-t?:jsq f't 
,38¢/sq f't 
45?!/sq f't 
19-?4¢'/sq f't 
50-601/ sq f't 
Utility table - 3 layer 
painted 2xlt ft $10.95/unit 
Utility table - 2 layer 
painted 2xl~ ft $6.95/unit 
Small garbage cans f'or 
inside use 2xl ft diam $2-10 
Retail 
Retail 
Retail 
Retail 
Carload 
Wholesale 
Retail 
Retail 
Wholesale 
Wholesale 
Retail 
Retail 
Retail 
Retail 
Retail 
Wholesale 
Wholesale 
Retail 
Retail 
Retail 
Source: Sears R9ebuck catalogue, pricing by author at 
neighborhood storea, Bettinger Corporation 
purchasing agent. 
TABLE iDI. 
ESTI.KA.TED PRODUCTION COSTS WITH VARIED FROCESSIJIG 
(in cents per square feot} 
Process Ste,e 1 2 l 4 z 6 1 
- -
Enaaeling ireB 10.40 10.40 1 - ~2,-75 -
"'l'i-laael" - - 17.80 - -
Cold relled steel - - - - 11.50 
A.lmli.D'Uil - - - - - 36.18 
Pai:Atlock - - - - - - :J-4.25 
PickliBg .87 .87 .87 
Estimated degasif)ing cost 
-
.75 
Ground coating, material· and labor 7.97 
Greund coating, aaterial, labor and overhead 
- - -
15.00 15.00 24.00 
Cover coating, material and labor 11.56 12.56 12.56 
Cover coating, uterial, labor and overllead 
- - -
17.00 17.00 24.00 
Paiat primer 
- - - - - -
4,i00 
Paint fiDish coat 
- - - - - -
. 8.~ 
Eotal cost in cents per square foot: 30.60 24.58 31.23 44.75 43.50 84.18 26.25 I-' ()) 
():) 
:\:" '--;. ~ ~) . . 
Sourcess Proceedings, Sixteenth Porcelain EnaMl Iastitute For1111, P• 178, and Bettinger 
Corporation coat estiaator opinion ot approximate jobbing shop values. 
tion i~ can compete with anodized aluminum. Stainless steel 
only occurs in six finishes, three of which are used most com-
monly. The only way it is colored is by the use of Forcelain 
enamel of the aluminum type. Anodized aluminum is obtainable 
in about ten colors, but the number of years of use needed to 
cause them to fade are not many. If a metallic finish is de-
sired, certain new cover coats are available for porcelain 
enamel to compete with metals. 
Upon further investigation it will be noticed that 
the price of porcelain enamel greatly exceeds the prices of 
other materials other than those mentioned above. One must 
remember, however, that some of these materials must be applied 
to a framework of some sort which may be more costly than the 
framework to which enameled articles are attached. 
To replace painted surfaces, plastics or galvanized 
iron in certain products should be the goal of enamelers. Re-
ferring to Table XXV it ean be seen that low cost porcelain 
enamel sheeting will compare favorably with heavy formiea 
sheeting; however, the difference between wholesale and retail 
prices is considerable. In this ease the writer would esti-
mate no less than a 30% difference• Only ~he low eost porcel-
ain enamel product called •• mirrawall'1 , which was previously 
. -
discussed in this theSis, appears to have a great chance in 
displacing plastics. 
It would appear that the chance for displacing gal-
vanized iron is nil. ~nameling iron even before processing 
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costs but little less than galvanized iron •• It would appear 
that the porcelain enamel firm must either enamel cold-rolled 
steel or better yet, hot-rolled steel before competing with 
galvanized steel can be considered within the realm of possi-
bility on pure price considerations. 
It can be seen that the enameling shop must produce 
a product which takes less manufacturing expense. In Table XXVI 
- -
the writer has listed the manufacturing costs of several enamel-
ing processes and compared it to the costs of a good grade of 
paint application. In that table, Processes 1, 2, and 3 were 
estimated by a person promoting the value of the ~chel-Romine 
System of one-coat enameling. Process #1 is for conventional 
porcelain enamel; process #2 is the ~chel-Romine System; and 
process #3 is for Ti-Namel steel one-coat processing. The 
writer added process 14 which is the same as #1 except that it 
reflects current prices and jobbing enameling costs. Process 
15 just explains the change in conventional enameling from the 
use of enameling iron to cold-rolled steel. Process #6 is 
•nameling on aluminum, and process #7 is for painted applica-
tions. It can be seen that unless non-premium steels are used 
with but one coat of enamel on the finished ware, competing 
with paint on a price basis only is out of the question. 
In the computation of costs, the steel base price one 
uses 1s constant. Referring to Table XXVII it can be seen that 
about the cheapest frit is ground coat, and enamel coating one 
. pound of ground coat will cover under normal usage applications 
approximately 10 aq~_a.re feet. The cost of the ground coat enamel 
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TABLE XXVII. 
APPROXIMATE PRICES FOR 
VARIOUS PORCELAIN ENAMEL MATERIALS 
Material Unit 
-
Erit_! 
Groundcoats lb 
Groundcoats, acid resisting lb 
Cover coat, titanium lb 
Cover coat, zircon lb 
Cover coat, antimony lb 
Cover coat, clear, A. R. lb 
Cover coat, clear, non- A. R. lb 
Cover coat, colored lb 
Cover coat, titanium, smelted color lb 
Cover coat, titanium, pink color lb 
Cast iron, wet process 1b 
Cast iron, dry process lb 
High Temperature 1b 
Low temperature ground coats lb 
Low temperature cover coats lb 
Resistor lb 
Beading lb 
Hot water tank 1b 
Aluminum, ton lots 1b 
Screening paste - white lb 
Screening paste - colored lb 
Screening paste oils gal 
Price Range 
$ 0.12 - 0.13 
0.17 - 0.18 
0.18 - 0.21 
0.12 - 0.14 
o.l4 - 0.17 
0.14 - 0.16 
0.10 - 0.11 
o.18 - o.24 
0.19 - 0.24 
0.35 - o.4o 
o.J.4 - o.2o 
0.18 - 0.24 
0.27 - 2.00 
0.15 - 0.16 
0.19 - 0.21 
o.l4 - o.3o 
0.12 - 0.14 
0.17 - 0.19 
o.6o - o.9o 
0.10- o.Bo 
1.40 - 2.00 
4.oo - 5.oo 
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TABLE XXVII. APPROXll~TE PRICES FOR VARIOUS PORCELAIN 
ENAMEL MATERIALS (Continuation) 
Material 
Color~-o~ide~ 
Yellows, light 
Yellows, cadmium 
Browns 
Blacks 
Blues 
Greens 
Oranges 
Reds, cadmium and selenium 
Pinks 
Pinks, gold 
GeEe~al Mate~ial~ 
Clay, truckload 
Clay, 100 lb b ag 
Electrolytes 
Calcined Alumina 
Quartz, powdered 
Uverite opaeifier 
Zirconium oxide opacifier 
Titanium oxide opacifier 
Sandblasting sand, 5o mesh 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
Price Range 
$ l.f)O - 1.50 
2.50 - 3.50 
o.Bo - 1.oo 
o.Bo - 1.oo 
o.Bo - 2.50 
1.00 - 1.80 
3 .5o - lt-•.5o 
4.oo - 5.5o 
1.50 
35.00 
0.030-0.035 
o.o4o-o.o6o 
o.o6 - 2.oo 
0.15 
0.012 
0.28 
0.015 
Source: Supplier price lists of Ferro, Pemeo, Ceramic Color 
and Chemical Companies. 
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then is cheap at lt cents per square foot, but as one begins 
to use colored cover coats the price will rise to three or four 
more cents per square foo~ per coat. The major source of 
trouble then comes in the application of direct labor and over-
head, for it will depend much upon the skill with which an en-
ameling shop can rapidly produce detect-free ware in as few 
coats as possible. One coat applieations have been notoriously 
vulnerable to defects which are causes for rejection. 
In summation the author would state that in order to 
consider entering new fields, the jobbing enameler must first 
install and efficiently use the new enameling processes pre-
viously mentioned. Assuming that the price differential 
between porcelain enamel and other finishes and materials has 
been reduced, it is then up to jobbing enameler salesmen to sell 
the superiority of porcelain enamel as the finish to use. Quality 
commands a high price, and it should be sold as such. 
6. Special Problems 
a. Research and Development 
Jobbing shops dQ little pure research and development; 
most of them tend to depend on their materials suppliers or trade 
tips for information on technological progress. The writer check-
ed this opinion by reviewing the patents published on porcelain 
enamel in the monthly Journals of the American Ceramic Society 
for the period April 1954 to November 1956· The total number 
of patents were some 117, only 6% of which could be construed 
to be from jobbing shops. Of that 6%, three patents were issued 
to A. o. Smith Corp., a large corporation with a division making 
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glassed steel tanks; two went to Allianceware, Inc., which is 
principally an appliance manufacturer; and, one each to Kaiser 
Metal Products, Vitreous Steel Products, and Architectural 
Porcelain Constructors. Only the last two are intrinsically 
really jobbing shops. 
Most jobbing shops have a few skilled personnel around 
who could do such work, but they will handle all technical 
problems associated with getting the product out. such work 
includes color matching, production and quality control in 
addition to development. Many of the jobbing shops are headed 
by old-time technically trained enamel men, but they, of course, 
do not have the time to perform the physical labor required in 
enamel product development. 
The chances of employing young engineers for new 
product development are very poor. It was reported in one 
article that the number of ceramic engineers graduated declined 
each year from 330 in 1950 to 113 in 1955· The writer's old 
ceramic professor stated that for 1956 less than 100 ceramic 
engineers were graduated which was far too low a number to 
supply the 12,000 ceramic plants in the country let alone satis-
fying the increased demand from other industries. 
b. Break-Even Points 
The writer found it very difficult to estimate the 
amount of sales that it would take just to keep a shop running 
without incurring a loss. Since jobbing shop products vary so 
much in price with respect to common denominators like pounds 
or square feet, each in~vidual shop would have a different 
195 
figure. Most equipment of the jobbing shop can be shut down 
except for the furnaces and pickle tank heating linea. Also 
depreciation& costs of the expensive equipment needed in a job 
shop are ever pressing. With the shop running at normal opera-
tional level, it was estimated by the writer that it takes 
about $35,000 sales per month to keep a shop with one large box 
furnace operating on a profitable basis, assuming efficient 
operations. 
c. Seasonality 
Job shops have been prone in the past to sales booms 
and declines within a year which tend to repeat in roughly the 
same manner. The winter months are lean sales periods with 
revivals being experienced in the early spring. Slight dips 
are experienced at the beginning of summer, but such dips are 
quickly changed to months of steadily increasing sales which 
occur well into fall whereupon sales again slump. Since con-
struction firms have now advanced technologically to the point 
where they can work in the colder months, ihe seasonal effect 
on sales experienced by jobbing shops has become less marked 
with each auceeding year. Jobbing shops have been pleased 
that orders have held up so well throughout this winter. 
d. Advertising 
Jobbing shops, as it has been pointed out, have tended 
to gear their advertising to specific, centralized areas. On 
a national scale the PEI has been promoting the finish of por-
celain enamel, and the Frigidaire Division of General Motors 
. 
has launched almost a one company promotion program. There 
have been companies who tag different names on their products 
which though being porcelain enameled still are misleading. 
The PEI bas been able to secure the FTC recognition of the 
name porcelain enamel quite successfUlly, and it would behoove 
enamelers to adopt the name without change. It may be argued 
that poretlain enamel has received some unfavorable publicity 
in the past, but it is the opinion of the writer that it is 
harder to promote a new name than it would be to promote the 
~ porcelain enamel. 
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B. Production 
In the past jobbing shops have been able to achieve 
su~~icient sales to keep their shops running at least at nor-
mal capacity. It is in the production phase; however, where 
the success of a jobbing shGp appears to be measured most 
closely. It is somewhat surprising to find that production 
shop employees have been able to produce good ware with poor 
or obsolescent equ-ipment; however the technological advance 
o~ the porcelain enamel industry has been quite rapid, so 
the writer will attempt to itemize the most e~ficient and 
modern control and production processes of benefit to the 
jobbing enameler as they exist today. 
1. Modern Practices 
The sequence of operations of an enamel shop usu-
ally begins along two lines: preparation of the metal and 
preparation of the porcelain enamel coating. At the appli-
cation stage they meet, and then the vtare pr.ooeeds through 
application, drying, firing, inspection, and ~inally, ship-
ment. Each operation will be discussed in turn. 
a. Metal Fabrication 
' Some enameling firms do not have their own 
sheet metal fabrication shops, but whether shops do or do 
not do their own fabrication, certain standards must be 
maintained for subsequent satisfactory enameling results. 
The grade of metal chosen must be of enameling quality. 
Of the metals used, enameling iron is most connnon. Some 
plants may use cold rolled steel in a pinch, but at this 
juncture, hot rolled steel is not good to use. Cast irons 
come in all grades it seems, and the enameling shop must 
experiment to find the one suitable to their enameling 
operations. If one is to enamel aluminized steel, Type I 
is used, not Type I~. Grades of aluminum suitable for 
enameling are 613, 23, 33, 48, and cast alloy 53W. 
The gage of metal to use depends on the end use 
of the product, the metal composition, enameling process 
temperature, and type of support during firing. Most sheet 
stock :t.s' enameled using .20 gauge or· ·thicker,, stock except 
where handling procedures are different or when lower fir-
ing temperatures are used. Aluminum is usually enameled 
on roughly 16 gauge or thicker stock. 
For.ming operations ar4 needed to produce the var-
ious shapes to be enameled. Of the various limitations, 
several are very important. The radius of curvature of the 
flange should not be less than 3/16 inch, because enameling 
difficulties are experienced where sharp corners are used. 
Where good edge coverage is desired, the metal edge should be 
rounded or continued past the place where good coverage of 
the cover coat is desired. ttBoxing in" parts by welding is 
to be avoided since warpage may result; it is better to spot 
weld straps between pieces where the for.m of the part must be 
held to specified tolerances. For a thorough treatment of 
this subject the reader is asked to refer to the Porcelain 
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Enamel Institute Publication T-14, t'Design and Fabrication of 
Metal Parts for Porcelain Enrumeling. 
b. Pickling 
A olean metal sheet free from oil and rust is essen-
tial to successfUl porcelain enameling results and imperative 
in one-coat processing operations. The number of pickling 
processes and procedures used would literally fill volumes, but 
those used by enameling shops are but of t~ee main types: 
sheet steel and alumdnum pickling and sandblasting. 
In sheet steel pickling, parts are first degreased 
in a boiling alkaline cleaner o~ the type recommended by firms 
handling such compounds. A~ter a thorough hot water rinse, 
a dip in the sulfUric acid tank will remove the scale and rust. 
The ware is then rinsed with cold water and placed in the elec-
troless nickel dip tank. For proper adherence of porcelain 
enamel to steel this operation is a necessity. After rinsing 
with very mildly acid cold water, the part is neutralized in 
a slightly alkaline borax or potassium cyanide solution. 
Sheet steel pickling processes have been standard-
ized to a great extent; however, some attempts have been made 
in the past few years to use inhibitors in the ac.id tank to 
prevent acid attack on good metal, but yet not harm the action 
of the acid on the scale and rust. In generalt the introduct-
ion of such elements usually does more har.m than good.* The 
writer has seen one new type of acid bath called 11 troxide" 
-::- 4, P• 70 
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which has been successfUlly used in a jobbing shop which not 
only produced conventional ware, but a new one-fire product, 
too. Its advantage is that it is a non-fuming acid (probably 
sodium bisulphate of same type) which allows the pickel room 
laborers some freedo.m.to breathe as well as ~eventing cor-
rosion of the roof and rafters of the ~oom. 
Picklihg of aluminum to be porcelain enameled is 
still far from being standardised. Alcoa's n-100, Alodine, 
Parker Rust-Proofing, and other processes are available, but 
usually are lieensed since they are proprietary developments. 
In essence they feature a degreasing step, possibly an acid 
step, and ending up with an alkaline chromate solution which 
deposits a chromate fi~ on the alum~ for better bonding 
of the enamel to aluminum. At the end of tests now being 
done, it is expected that perhaps one process will be chosen 
as offering the best possible cleaning treatment for aluminum. 
Sandblasting has been the preferred way of cleaning 
cast iron and alloy parts for years. One anneals his parts in 
a fUrnace to burn off the grease and oils and to scale the 
metal surface. Sandblasting the surface of the part then 
removes the scale, and gives a clean, rough surface suitable 
for enameling. The roughness of the surface also aids bond~ 
ing of the enamel to the part. 
o. Enamel Formula Preparation 
Mistakes made in the formulation of the enamel can 
wreak the most havoc in a shop that the writer has ever seen. 
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To list all of the factors pertaining to the subject here is 
impossible; however, there are several maxims which if cor-
rectly followed will eliminate 90% of the errors or blunders 
made. The first maxim is that the person who decides what 
the formula is to be should be one of the most experienced 
men in the enameling shop. He should be given authority 
commensurate with responsibility. 
Matching of colors Should not be done in the pro-
duction mill. Rather, small 1000 gram mills should be sup-
plied for this purpose. If too many adjustments are required 
for sample mills to achieve the right color, a new one should 
be made. 
All enamels should be tested on sample plates run 
under production conditions before being certified for use in 
production. On this point it would be wise to list the var-
ious major factors concerning enamels in general. If a per-
son contemplates using colored titanium enamels, he should 
not use them unless the shop has furnaces capable of being 
operated with temperature variances of less than 15 Op in 
total. Only clear frits should be used to make purples, 
reds, oranges or cadmium yellows. This statement is subject 
to much dispute, but until the sure-fire enamel has been found 
it is wise to consider using conventional techniques. Anti-
mony frits are better used as a finish coat over a zircon 
enamel cover coat. 
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Certain coloring oxides will not mix well with other 
oxides, and it is best to rind out first which ones those are. 
Pastel shades in any but the most opaque rrit will always give 
trouble unless carefully prepared and run. 'Where light, but 
brilliant colors need to be made, clear rrits with small amounts 
or coloring oxides are used. Unless they are placed over an 
opaque cover coat or approximately the same hue and strength, 
any minute variance in thickness or the applied clear enrumel 
will show up as CD lor variance. This is the reason why "Cop-
pertone" enamels are di!'ricult to run. Checking or colors 
should be done under controlled lighting conditions since 
various types or lighting will play tricks on the viewer. 
Rushing enamels through production certirication 
is not to be condoned since certain ractors may be dismissed 
as irrelevant, but which may turn out not to be so unimportant. 
Rather, one should insist that some lead time be given. 
Any problems resulting rrom set or poor operating 
conditions should be referred to the man in charge or the 
enamel~ng operation ror his decision berore p~oceeding with 
enameling parts. A check should always be made on the pro-
duction mill enamel as to set, fineness, color and the like 
before it should be allowed for production use. 
Laborers should be trained to spot derects the min-
ute that they start to arise so that notirication or such a 
problem can be conveyed to the proper personnel in time ror 
immediate corrective action. 
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d. Grinding of Enamels 
The efficiency of reducing enamel glass and other 
materials to make a porcelain enamel "slip" by use of ball 
mill grinding machinery depends on the amount of frit charge, 
rumount of ball charge, size of balls, water content, pressure 
temperature, speed of the mill, and the amount of old enamel 
left in the mill from a previous milling. To which the writer 
would also add the effect of setting agents on the enrumel. 
Balls should be loaded into the mill until they cov-
er 55~ of the volume of the mill. The frit and other mater-
ial charge should be added to the 75~ mark, or upon grind-
ing the slip Should just cover the balls. Sizes of balls to 
use in any particular type mill is subject to much argument, 
but in general smaller balls provide faster grinding because 
more contacts with the material being ground are made per 
revolution of the mill.-i~ One-inch to two-inch diameter balls 
are recommended. The amount of water to add depends on a 
number of factors, but it should be the amount necessary to 
provide the operational specific gravity desired. Pressure 
in the ball mill is usually caused by temperature increases 
brought on by grinding. Since hot enamel tends to be sludgy, 
most shops will run a fine ~pray of water on the mill when 
it is running to keep the mill cool. The best working temp-
erature of enamel is room temperature of 70 oF. 
-i:· 3, P• 573. 
2oL~ 
The speed of the mill is approximately 55 to 6o% 
of the critical speed, which means that at critical speed 
the balls will be carried around on the mill lining by cen-
trifugal force without droppfng at some stage of revolution. 
Manufacturers of mills usually list the proper speed at which 
the mill is to be ~>l"'Un. 
Most mills are thoroughly washed out before their 
re-use, except where the same enamel is being made. Where 
different colored enamels are being used, thorough cleaning 
of the mill between batches is imperative. 
The effect of setting agents on the efficiency of 
grinding can have great bearing. Enamels which have insuf- · 
ficient set will be prone to having the heavy materials in 
the enamel settle out. Too many times the writer has had to 
take a crowbar to the charge in a ball mill because the enamel 
settled out and cemented the balls together. 
Proper grinding is aeco.mplished when the ri~~t fin~ 
ness has been reached. The ground enamel is then checked for 
color, and if it is all right, the enamel is screened and 
passed through a magnetic separator before being placed in 
covered containers for uge. The magnetic separator should 
only be used on those enamels whose coloring oxides or other 
materials are noa-magnetic. 
The greatest advance in grinding techniques has been 
the displacement of porcelain balls and mill lining by the 
"high density 11 alumina balls and lining. Using these alumina 
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balls with or without a mill lining of the srume material has 
met with extremely favorable comment. 
The alumina ball weighs about 4o% more than a por-
celain ball of the same size, so the impact of alumina balls 
on material is much greater than that which can be obtained 
using porcelain balls. Milling times can be cut almost 4~fo. 
Th& milled enamel does not become as hot when altll'itina balls 
are used. There is no excessive unground frit. Although, 
there is some evidence to the contrary, using alumina balls 
with a porcelain mill lining will not cause excessive lining 
wear, and in some cases the wear was less since grooving of 
the mill lining does not appear. Perhaps, the greatest other 
factor which should help to sell the alumina balls, which are 
more expensive than porcelain balls, is the fact that no balls 
needto be added to each charge to make up the volume lost 
when the balls themselves are reduced by the grinding action~* 
Over a period of time the cost of extra porcelain balls need-
ed would cover the excess cost of the alumina balls. An ena-
meling shop cannot ~lp but convert all of thei.r mills since 
their is so much evidence in favor of the new alumina balls. 
One plant experienced a 2~ reduction in millirt3 costs because 
of the change-over from porcelain to alumina balls.-:H~ 
One of the commonest problems of the mill room has 
been in controlling the viscosity or "setn of the watery 
~" Bo, P• 70 
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enamel suspension called "slip". There are a number of fac-
tors which will cause viscosity variances, but one~of the 
most important factors has been the hardness of the water 
used to make the slip. All home-owners like nsoft water" 
because soap scumming is averted, but the agents which cause 
this soap scumming are the very same materials which cause 
erratic effects on enamel set. These materials are usually 
called "solidsn, and will cause temporary or pe:z;manent set 
to the enamel depending on the typ~ of solids. And from 
month to month the total amount of solids will vary within 
any one area. One plant in the writer's lmowledge has to 
change their mill additions about twice a year to correct 
this condition so that the enamel slip will always have the 
proper characteristics. 
There is no excuse for not correcting this bad 
condition since many shops are using water softening agents 
or units with excellent success. Of the methods used there 
are principally four: distillation, ncalgon11 , zeolite, and 
demineralization. Distillation is too expensive and slow a 
process, but it gives absolutely pure water. "Calgon is the 
familiar water softening agent used in homes. It, however, 
leaves behind some solids which still affect enamel set, 
so its use cannot be considered, except where it might be 
used in the pickling tanks to soften the water and save the 
chemicals. Zeolite water softening gives results similar 
to calgon, so it cannot be used as mill water. 
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Demineralization by ion exchange removes all but a 
very small fraction of the deleterious soli.~~ and it gives 
results with enamel comparable to the use of distilled water. 
The writer found two case histories of enamel shops who used 
demineralized water.* Such figures were on Case I: 160 gal. 
per hour; 30 grain hardness; regenerate every three days; 
original cost $3150; operating cost 31¢ per 1000 gallons. 
For Case II, 900 gal. per hour were used; 13.6 grain harness; 
regenerate daily; initial cost $2700; operating cost 16¢ per 
1000 gallons of water. These two plants reported essentially 
the same results the writer has found--the water supply is 
pure and unchanging, and as was found at one Westinghouse 
plant, the results were so good that use of demineralized 
water will show up raw material variations. 
e. Enamel Application 
Most conventional means used in jobbing shops are 
application of enrumel slip to the ware by spraying or dipping. 
Newer spraying techniques are low-pressure, electrostatic, 
and automatic methods, and for dipping one finds flow-coating 
and automatic methods. The writer will discuss here only the 
new methods, for if the reader is interested in the conven-
tional methods, he may refer to Porcelain En~el Institute 
Bulletins P-301 and P-302 on spraying and dippt~ respectively, 
which cover those subjects very well. 
* 4o, P· 58 
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Low pressure spraying means simply spraying with 
systems which per.mit lower atomization pressures than are 
conventionally used. In one app~iance ·plant the use of 
this system saved the manufacturer $50,000 in one year.* 
Advantages given were a 33% cut both in enamel and power 
congumption, the coating of the ware is less fatiguing to 
the worker, the enamel application itself was better and 
gave less rejects; and it reduced gun part wear and spray 
booth cleaning time since overspray was minimized. This 
system is adaptable to jobbing shop work. 
Automatic methods of spraying are of two types: 
mechanized conventional spraying and electrostatic spray-
ing. To mechanize conventional spraying techniques, one 
uses a reciprocating bar on which spray guns are attached. 
As the bar goes the length of its travel, the spray guns 
are so set that they will cover the area traversed. Hence, 
as a line containing ware is moved past the reciprocating 
bar, the ware is rapidly coated. The machines can be rigged 
to spray vertically, horizontally or even along contours. 
A jobbing shop may find it difficult to use the machines 
since such automatic methods require a rather long run of the 
same or s~ilar parts. Also, to reset the guns for spraying 
varying types of ware negates any time advantage gained by 
automatic methods. 
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Electrostatic spray systems vary quite considerably 
as to type, but they depend on the principal that if you elec-
trically charge one material (the enamel slip) and charge the 
ware with an electrically opposite charge, the material should 
be attracted to the ware. In practice the ware is passed 
through a wire system which carries the same charge as the 
enamel, thus bouncing back to the ware any enamel which may 
not have been attracted to the ware. Its advantages are al-
most no loss of enamel (90% or better enamel usage), reduct-
ion in labor costs, fewer rejects due to conventional spray-
ing techniques, simplified equipment and higher production 
rates.~~ Can a job shop use such a process? The answer is 
yes. Although the ware run should be of the same type, if 
enough ware of the same type is run before resetting of the 
electrostatic spraying devices is necessitated, it is possible. 
For manufacturers with relatively low volume, the Randsburg 
No. 2 Electrostatic Process may be used. This device has 
been successful in paint applications on such hard items to 
coat as fluorescent reflector grids, which look like egg 
crate separators or enlarged honeycombs. 
Automatic dipping machines are very expensive and 
are l::tm.ited to running ware of the same type, wht ch tends to 
limit jobbing shops in this respect. Flow coating of parts 
may have some application, however. Flow coating was first 
i:- 32 P• 120 
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successfully applied to pi inting systems, but it has been 
converted to porcelain enamel. The system is just a con-
veyorized line on which parts are hung, and then the enamel 
is applied by jet~ to the ware. Most of the trouble has 
come from achieving the proper draining and coating needed 
produce satisfactory enameled parts by this modified dipping 
process. The General Electric Company coats the tub, basket 
and lid of a washing machine by this method, and even though 
the parts are widely dissimilar as to size and shape, they 
are all done at the same time.* If the parts run by a job-
bing shop are of sufficient number and can be standardized, 
it seems possible that a machine can be built to coat the 
parts in this manner. The Toledo Porcelain Enamel Products, 
Inc., a jobber, coats roofing and siding in this way (they 
call it slushing) quite successfully and cheaply. 
f. Drying 
Enamels must be rid of their water content before 
bein g fired; hence, most porcelain enamel parts are dried 
after the application of the wet enamel. Too many shops use 
air drying with its disadvantages of the chance for rusting 
of the steel, slow drying, and air-borne contaminants which 
will deposit on the ware. Most shops use a conventional 
warm air dryer where the temperature, humidity, and circula-
tion can be carefully controlled. 
* 32 P• 116 
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The most recent and erficient drying system has 
been drying by radiant or inrra-red heat, which is supplied 
by a lighting system of infra-red bulbs. Its advantages 
over normal war.m air dryers are quick starting; no war.m up 
tfme; instant shutdown with no damage to the ware; no prod-
ucts of combustion to discolor or affect the ware; very little 
or no dust caused by recirculating or heat transfer systems; 
a minimum amount of floor space is needed for the installation, 
very little maintenance and cleaning is required; and it does 
not require an operator or special controls.~~ There is no 
reason, outside of cost, why a jobbing shop could not use an 
infra-red dryer. 
g. Firing 
In the early 1920's most enameling furnaces were 
of the box type and ware was loaded into the fUrnaces by long 
forks. Many enameling shops still use this type of equipment, 
but continuous and semi-continuous box fUrnaces have been 
available for many years. These new furnaces claimed three 
distinct advantages over the old type box fUrnaces: faster 
production rates·; less warpage of parts since the ware is 
bung; and greater volume since the ratio of burning tools 
needed for support of the ware to the pounds of ware burned 
is much less, som~times by a factor of 3 or 4 to 1. 
The writer has been able to find data as far back 
* 31, P• 18 
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as 1939 where a continuous rnrnace replaced four box furnaces 
in a stove plant. This change resulted in a 325~ increase in 
productivityl·:H:- The firm's four box furnaces used J.4,4oo cu. 
ft. of gas per day and produced 7,000 and 9,000 sq. ft. of 
ground coat and cover coat respectively per day. The contin-
uous furnace used only 8,6oo cu. ft. of gas per day, but it 
produced 11,000 and 15,000 sq. ft. of ground coat and cover 
coat respectively per day. This lower cost and greater vol-
ume was achieved by a reduction of the work force from 284 
to 100 workers, all such advantages being due to the install-
ation of the continuous furnace. 
Since that time the efficiency of the furnaces has 
been improved mainly due to better methods of heat control 
and conservation. Recuperators were used to take the heat 
out of the gas going out the exhaust stack. Although these 
recuperators are costly, fuel savings realized from their 
use can amortize the cost of the installation in but a frac-
tion of their estimated life. 
In most,furnaces, refractory block muffles are 
used; however the use of alloy radiant heat tubes will cause 
a reduction in the amount of heat supplied which is necessary 
to· keep the furnace going at a specified interior temperature. 
For in stance below the muffle the temperature may be 2100 °F 
yet the actual burning area is only at 1600 oF. A radiant 
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heat tube may need to be heated to only 1800 °F to supply the 
1600 °F burning temperature, s~ce heat is conducted through 
metal walls raster than ceramic walls of the same thickness. 
Alloy tubes are much thinner than ceramic muffles. These 
radiant tubes also have been more easily controlled; hence, 
better heat distribution may be obtained, which naturally 
helps control porcelain enamel riring problems like color 
and finish variations. 
In many cases a box fUrnace has the advantage over 
the continuous furnace in the flexibility it has with regard 
to the type and size of ware that it will take. By hanging 
ware on a frame instead of the ware being laid on pins, box 
fUrnace enameling capacity may be increased as well as to 
eliminate wavyness and pin marks associated with firing ware 
on pins.{Z. The box fUrnace has also been changed into a semi-
continuous furnace by putting the banging rack on a conveyor 
which is run into the furnace. Such a box furnace is some-
times called a nslot-in-the-roof11 or monorail furnace. Also, 
box fUrnace temperature variations have been reduced by add-
ing many small burners spaced around the box area rather than 
attempting to heat the whole furnace with one big burner. 
Electric furnaces are quite often used in areas 
where the electric rates are not significantly greater than 
rates for natural gas. Their advantages over the gas fired 
~} 67 I P• 103 
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furnace are better temperature control and freedom from de-
fects due to contamination by the products of combustion 
from fuels. Aluminum ename_ling is usually done most eXpert-
ly in a recirculating-air, electrically driven furnace, since 
aluminum enameling temperatures are very critical. 
h. Handling 
Ware in all stages of production must be handled 
carefUlly to prevent damage or marking which are deleteri-
ous to the finish or form of the finished product. Not only 
must the ware be protected but the use of efficient handling 
procedures over any reasonable period of time will result 
in greater savings from direct labor costs than would be 
realized through reduction in other costs like raw materials 
and fixed charges.{:· 
Because of the wide variety of ware being produced, 
many jobbing shops tend to use "skids" for handling ware. 
The use of skids causes reductions· in available floor space, 
possible contamination from dust and particles dropping from 
one piece of ware on to the ware below, and the need for con-
stant manual trucking operations. 
Many job shops are being conveyorized now to improve 
handling procedures. It is realised that the conveyors imply 
quick handling procedures which will cause trouble in schedul-
ing ware which has to be brushed or repaired, but storage 
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space can be provided ror such items. One jobbing shop used 
to use racks (skids), and then put in a conveyorized handling 
system. Advantages gained wel'e little handling or parts with 
respect to the great amount or handling previously required; 
storage space was increased; production moved more rapidly 
and smoothly; and dirt contamination and damage was lessened~ 
Illustration 5. has been added to Show a eonveyorized system 
suitable for jobbing enameling with a continuous furnace. 
i. Shipping 
As it has been mentioned several times previously, 
most conventional enameled parts are prone to ehippage with 
respect to a sharp blow. All boxes and crates for porcelain 
enameled objects whould be so constructed that the parts can 
not be moved. Each part must be insulated rrom another part 
and the sides of the crate by shock absorbing materials like 
vermiculite, shredded waste paper, excelsior, etc. 
It is important that a fir.m must ship its products 
to the customer so they they arrive in perfect condition, 
for one report stated that 6% or the value of all ware ship-
ped by appliance, sanitaryware and enamelware manufacturers 
in one particular year was damaged in shipment by some way.~'-{~ 
Damage was attributed 2~ to load shirts in ear handling, 
19% by poor arrangement, 16% by shift in load due t.o loose 
packing; 10% poor crating, and lo% poor installation. The 
~~ 75, P• 121 
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main factor brought out was that much or the ware would have 
arrived in good condition even with these damage ractors if 
each enameled piece had been properly separated from the 
other pieces. 
2. Production Contrel 
In many textbooks on industrial management, several 
sections are devoted to the various factors pertaining to pro-
duction control such as routing, scheduling, dispatching, and 
expediting. Each of them have application to a jobbing shop 
business, but not with such complexity as in ahu.ge appliance 
plant. In the large plant the superintendent may keep rein 
on production by analyzing data fed to him by his subordinates 
in the various departments. In the typical jobbing shop one 
man tends to control the production. When a customer calls 
in reference to a certain job, it takes him but one minute 
to pop out the door on to the shop floor, and by visual in-
spection give the customer an extremely accurate report on 
the progress or a job. 
It may sound simple to control production in a job-
bing shop, but the manner in which it is accomplished can 
determine greatly whether any one shop can produce ware at 
a cheaper cost than another shop assuming that both have com-
parable racilities. To the writer the scheduling of the ex-
tremely varied work in a jobbing shop is very tmportant. 
In the estimation of the writer production schedul-
in should start with the fUrnace and then be worked backward 
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and forward to design or shipment. The controlling reason is 
that all porcelain enameled parts must take at least one trip 
through the furnace. A jobbing shop has so many furnaces with 
a de~inite capacity. It can be seen that i~ the superintendent 
has a job calling for 20,000 square feet of porcelain enamel-
ing in but one coat and his furnaces will only put out 10,000 
square feet per day, it will take two full days to get that 
job out, exclusive of rejects reclamation. 
All machines or operating areas must have capacities 
equal to or greater than that required by the furnace. Bot-
tlenecks will ensue if these other processing capacities are 
below standard. Of the most serious bottlenecks, one would 
be pickel tanks of small sise which cannot produce enough 
ware-in a given amount of time. If the pickle cycle is 
shortened, defects due to poorly treated parts will appear. 
The metal shop requires di.fferent fabrica.tton procedures, 
which may require widely varying times. For instance, a 
gas station panel takes much longer to fabricate than a re-
squared piece of flat stock~ both of which on1y require the 
same pickle, application and fUrnace time. Going as far 
back as the design of the parts, most jobs require widely 
varying amounts of time necessary to produce good working 
drawings~ which are needed before fab~ieation can start. 
The enamel preparation and application requires a given 
quantity of direct labor and equipment which can be cal-
culated to allow the furnace capacity operations. This is 
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also true with inspection, laminating and packaging, the times 
needed to perform all operations being not uniform. 
It is then the duty of the production superintendent 
to schedule orders received trom sales into his shop at the 
appropriate time so that at each stage of production no bottle-
necks can occur. The writer proposes the following method. 
Before the sales department gives a customer a fir.m 
delivery date, the sales department should converse with the 
engineering department and plant superintendent. On the basis 
of what engineering design, materials procurement and work 
that the job entails (customer desires have some application 
here also), the scheduling personnel will assign a definite 
furnace date and time when the proposed job should reach that 
stage of processing. By calculating ahead, the sales depart-
ment can then notify the customer as to the approximate deliv-
ery date. 
Actual production begins when the engineering de-
partment begins work on the shop drawings, and by direction 
of management, it has so many days in which to complete the 
necessary drafting work. In regard to this work it is im-
perative that the engineering department complete all stages 
of its work, which includes color sample approval, prior to 
releasing the drawings to the fabrication shop. Poor atten-
tion to this relatively minor item has resulted in great 
production bottlenecks. It is fortunate that most jobbing 
shops enamel items which do not require much in the way of 
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engineering and/or fabrication work which help to serve as 
a buffer i£ the enamel shop is starved £or work. 
Upon engineering the job, the bill or materials 
and other pertinent data are given to the purchasing depart-
ment to ascertain what items need to be purchased. Normally, 
steel purchases are made quarterly and revie;wea monthly with 
the chance for changes on orders being allowed up to five 
weeks before the steel will leave the mill. Any odd sizes 
or steel not carried in stock then may take two months to 
get. It is imperative that when the order has been received 
even prior to its engineering, i£ unusual. purchasing items 
are required, delivery dates o£ coated· ·w!lrer/may well be 
governed by mater~al delivery dates rather than available 
fUrnace time. Outside o£ special items like clips and 
brackets, most materials can be found locallY rather quick-
ly and should be scheduled to come in when needed. Prit, 
coloring oxides and other enamel materials are usually or-
dered monthly in truck or carload quantities. If the job-
bing shop has standardized their enamels, the needed purch-
ases of these items may be easily calculated, but too strict 
inventory control to reduce the dollar amount of inventory 
or the carrying of too many specialized items will quite 
often cause shortages o£ materials when they are needed 
most. Even on special order enamel materials may well be 
some ten days in shipment. 
-,, 
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The fabrication shop should be given enough lee-
way on jobs s.o that it can maximize the use of its personnel 
and equipment. By using parts which requii'e no -,fabrication, 
the fabrication shop is given such leeway, but the pickel 
room will always have a _bank of parts on which to work. 
Before the work has entered fabrication or pickling, 
ample time must be allowed the mill room to start the enamel 
preparation so that by the time the ware has reiehed the ena-
mel shop floor ready for application of enamel, the enamel 
will have been milled, checked for color, s~;eE;'bed and ready 
for the sprayers or dippers. In same eases this may require 
a lead time of but a few hours; in others if aging is a fac-
tor, it may take days. 
In the application department it is then up to the 
skill of the foreman to utilize his men, machinls and furna-
ces in the best way. If he has been properly notified of 
the jobs to come, his work can be sim.pliTied, and it also 
allows him some lead time on determining .. the .. methods to be 
used in achieving satisfactory results befp~e the parts are 
physically dumped in his lap. 
Inspection of the ware should be made immediately 
after firing to allow rejected parts to be recoated or re-
paired and to proceed immediately after the rest of the job~ 
No amount of storage space is wasted when a.j9b needs two or 
,. 
three parts which are still floating around the shop. It is 
assumed that when the ware has passed inspection the customer 
• 
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will be notiried to either come and get his work or expect 
delivery very soon. 
Some or the major problems have be&n prominent in 
securing approval of the working drawings. It is usually 
of more worth to offer the customer delivery dates after he 
has approved both the working drawings and the color sample. 
In this manner the delay in production is minimized; there-
fore, only the physical production or the ware requires some 
attention. This will not relieve the engineering department 
or its responsibility of getting their work done on ttme. 
The customer gives the scheduling department of the 
jobbin g shop many headaches. A building jo,b. must meet a 
scheduled opening date, and if the contractor is ready for 
the enameled ware, he usually wants it immediately. Satis-
faction of the customer is the controlling reason; hence, 
the plant superintendent must be able to juggl• his jobs in 
production. This practice may be bad, but it is necessary. 
If proper liason is kept between production departments re-
scheduling problems will not become so serious. 
It also seems wise to have one employee available 
who is trained to do all types of work so thAt odd jobs, 
replacements, and the inevitable s.mall number of rejected 
parts can be assigned to him to carry thl'Gugh production. 
3. Quality Control 
In one article which appeared in a leading trade 
magazine the writer maintained that quality can best be 
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maintained by a quality control department which operates 
independently of production.i~ In the particular plant cited 
the use of a quality control program resulted in improvements 
in the quality and inspection of the product, better process 
control, provided operating personnel information as to sour-
ces of trouble, and it helped to reduce rejects. 
For the jobbing shop the control of quality is best 
assigned to one man, a special department being unnecessary 
due to the relative smallness of most jobbers. His job should 
be made a full time responsibility and not an adjunct to his 
regular work. Inattention to this requisite has resulted in 
too many cases· of extreme production difficulty. Enameling 
shops appear to go from periods of no trouble to periods of 
very grave trouble, and it is the contention of the writer 
that these periods of deep trouble are not due to just one 
cause, which can be cured, but to many causes, the net effect 
of which is production difficulty. As control grows more 
lax, the shop eventually has serious problems, and it seems 
they will clear up in most cases almost immediately after 
management begins a strict program of check and double-check 
on porcelain enameling shop control procedures. 
It would be physically impossible to list here all 
of the various ramifications of control procedures used by 
enameling shops, but the writer will attempt to itemize the 
major methods used to control the production.of porcelain 
* 64~ P• 61 
enrumeled parts. For in~or.mation on this sUbjtet the reader 
is asked to re~er to the booklets, The Refresher Course in 
in Porcelain Enameling by Ed Hansen and PUblished by the 
Ferro Corporation and Correction of Enamel Shop Troubles by 
Harry Goudy and published by the Pemco Corporation. Cerrumic 
suppliers are also usually willing to teach quality control 
procedures to personnel sent by its customers. 
The ~irst step in control procedures naturally be-
gins with the materials used. Normal procedures on metal 
I 
inspection are sampling of incoming 1, shipments as to gauge 
size, finish, and whether a standarq ground coat enamel will 
develop satisfact_ory adherence when 1
1
applied to sample blanks 
cut ~rom various sheets in the ship~nt. The resistance of 
a metal to sagging or warping is usually checked when thia 
i defect becomes too pronounced to be adduced to other causes. 
Hardness checks are also done in this manner. The shear or 
layout laborers are accorded the res~onsibility of seeing 
I 
that each piece of steel used is free of laminations, blisters, 
I 
holes and specks. When defects like 1
1
reboil, black specking, 
and ~ishscaling appear the metal sho~ld be tested to see that 
the metal used is not at fault. When defects occur some pre-
vision must be made to assure that parts can be identified 
with a particular lot or "heat" of st~el. 
To sample each particular l~t of ~rit, coloring 
oxide or other material would represent onerous and long 
checking. Rather, before the use o~ a new frit or oxide in 
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production, the material should be thoroughly checked as to 
proper firing temperature, stability and other factors which 
are relevant to the use contemplated. Inspection of mater-
ials commonly bought is limited to a cursory view of the 
materials by the mill room personnel to see that the mater-
ials appear to be the smme as in the past. The milled ena-
mel made of common materials is fired and checked versus the 
standard plate tor the formula used, and it such a tonnula 
is not consistently right, then the various materials are 
reviewed to find the one that shows variances so that it may 
be eliminated or assigned controlb on its use. 
Control over fabrication of parts is to be done by·· 
an inspector in the metal shop. Parts are to be inspected 
before entering the pickel room to assure that the parts are 
dimensionally accurate and are or enamelable quality. 
Pickling solutions should be checked as to their 
strength, temperature, age and pH in the case of the nickel 
tank. The time of the ware to be in any one tank is to be 
set as standard unless exceptionally dirty ware necessitates 
a change. Daily checks on concentration should be made, and 
hourly checks are performed on temperature or the tanks. A 
sample plate should be run daily through the line and check-
ed to be sure that the picklin g system is producing proper 
pieces. The cleaner tank should be dumped when too much 
sludg& forms on the bottom of the tank. Sulphuric ac1 d pic-
kle tanks are usually dumped when the iron content reaches 
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5 to 6%. Neutralizing tanks are dumped weekly, and nickel 
tanks, too, unless they are r11tered. 
Control over mill roo.m practice is the most im-
portant phase of the entire plant control program. Any new 
enamel must rirst be made on a sample basis so that stand-
ards may be set on its use. These standards copcern the f 
fineness or grind, complete rormula, specific gravity, set, 
slump, riring cycle, and other operating data. The mill 
room itself must mdll the production quantitites to the de-
sired specirications. A rired sample or the production mill 
must check the sample used as a standard, and to which the 
writer would add, the sample should be rired under production 
conditions. Other ractors or concern to the mill room con-
trol procedures are the amount and size of balls to be used 
in the mill, monthly inspection or balls and mill lining, 
instructions ror charging and unloading the ball mills, 
enamel temperature, time or grinding, speed of the mill, 
proper methods ror testing enamel qualities and screening 
mesh size ror production use or the enamel. 
Assuming that the mill room has prepared the enamel 
correctly, adherence to application weights per unit area 
must be maintained. For ground coat dip tanks, the enamel 
pick-up should be checked several times a day. ~Vhere manual 
spraying is done, as in moBt jobbing shops, checks on the 
sprayers can be accomplished by having the sprayer coat a 
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piece of ware of known dimensions so that the suitability of 
the application may be determined. It is the responsibility 
of the foreman to see that his men are using proper atomiza-
tion pressures and other operational methods. The quality 
control supervisor must make occasional spot checks on fac-
tors such as these. Many foremen might take exception to 
such checking, but if they are properly functioning as a 
supervisor, they need have no fear, rather, they should be 
complemented on doing a good job if such a check indicates 
no errors of omission or commission. 
Only the time, the temperature, and the method of 
firing the ware are reported to the foreman. It is his job 
to see that the ware is produced as rapidly as possible 
within the framework of these controls. 
After firing, the inspection department should be 
given a copy of inspection standards on all general types of 
ware. Causes for rejection of parts are noted and reported 
on a statistical basis to management to determine shop ef-
ficiency and locate sources of trouble. The inspection de-
partment should be assigned to the direction of the quality 
control supervisor, so that it may operate independently of 
product ion. 
4. Conservation of Materials. 
The handling of large sheets of steel or other metals 
is often neglected by the enameling shop. Steel should be re-
ceived in the weatherized condition. For the slight extra 
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c~rge in procurement, such £oresight helps eliminate exten-
sive rusting and marring of the steel sheets during shipment4 
Upon arrival of the steel i£ manual unloading is used, the 
sheet b y sheet process requires large amounts o£ direct la-
bor as well as risking sheet damage by the rough handling 
procedures used. It would be ot more benefit to a company 
to incur the expense of a forklift truck or boom o£ some 
kind so that whole bales or coils o£ steel could be lifted 
quic~ly and efficiently with little chance o£ sheet damage. 
It is assumed that the metal shop will be so ar-
ranged tbat the movement of large, bulky parts from machine 
to machine will require little time and be protected £rom 
the chance of damage. Facetiously, it has been the experi-
ence of the writer to lose many a good pair of pants in 
moving through a metal shop, but in all seriousness, the 
point is that these projecting areas can catch and drumage 
metal parts just as easily as it can the writer's pants. 
Chemicals for use in the pickle room should be 
stored in a cool, dry place near the pickleroom. It has 
been the experience of the writer to see a barrel of sul-
phuric acid explode when stored outside of the pickel room 
under the hot sun. The acid covered everything within a 
radius of 100 feet which included cars, but even the quick 
application of water did not cure all of the damage done. 
It is the duty of the plant foreman to issue directions to 
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·the pickel room personnel on the handling of each chemical 
when the pickle room solutions are made. 
It has already been stated once that soft water 
should be used to produce good, workable enamels; however, 
the use of soft water in the pickel tanks will help con-
serve chemicals. Filtering of the various tanks wi;tl help 
tnerease the life of the solutions as well as assure better 
pickeled parts. 
Frit and oxide storage rooms should be placed 
above the mill room so that not only will the materials be 
in a safe, dry place, but mill loading from above is done. 
\Vhen a mill room labore~ bas to pick up a 100 pound bag of 
frit many times a day and lift it over his head so that the 
.- - ~- , 
contents of the bag ~an go in the mill, much material_ may 
be lost as well as increasing worker fatigue. It is not so 
much that the value of the material lost is great, but the 
for.mula will be off and practically useless. 
Good housekeeping is of extreme importance. If 
the control of the enameling operations is excellent, con-
tamination of materials by various agents is usually the 
cuase of excessive rejects of production ware. Sources of 
eontrumination are raw material storage, ball mills, enamel 
storage, and the production floor itself.* In raw material 
storage it is easy for dust, frit particles and coloring 
* 13, P• 1.5 
230 
oxides to go rrom one storage bin or barrel to another unless 
measures are taken to keep various classes of materials in-
dividually separated, kept covered, and labeled. Any materi-
al not identified should either be thrown away or tested to 
determine its identity. In no case is one to assume that it 
is a certain material and then throw it in with a particular 
lot. 
Ball mills are a source of contamination if the 
mill has been improperly cleaned between runs of different 
en~el. The enamel left in the mill arter dumping approx-
imates 10~ or the total. This material may be saved if the 
same enamel is run over again in that mill, but too much 
ittention to savings of en~el milled is not warranted ir 
any other en~el is "to be milled. 
If the porcelain lining of the mill cover is worn 
away, iron from the cover is ground into the enamel and will 
cause rejects. Also tramp iron can come in directly through 
the raw materials. Most plants use a magnetic separator to 
remove iron from their enamels. 
Clean stainless steel or porcelain enameled barrels 
should be used for enamel storage. They should be labeled 
and kept covered. The writer has experienced one problem in 
this regard. On one day an experienced worker dumped a clear 
matting enamel into a regular clear enamel and a non-acid 
resistant white enamel into an ac.id resistant white enamel 
barrel because of improper labeling. The error was not 
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noticed and could not be noticed until jobs coated with the 
ware had begun to be fired. Colored enamels are easy to 
differentiate, but enamels which appear to be alike are now 
often artificially colored with organic dyes so that they 
may be identified. 
Sources of contamination in the production shop 
are iron from spray equipment and tanks, oil in air lines, 
ragged ware, overhead conveyors, sand and dust in the air, 
and poor sweeping procedures. If one will not use galvan-
ized iron or mild steel parts or tanks but make them out 
of stainless steel or porcelain enameled steel• iron con -
tamination should be a negligible factor. 
All spray equipment manufacturers will gladly 
sell and recommend oil filters for removal of oil from air 
lines. The air compressor should be properly maintained 
so that oil contamination is reduced and that it will deliver 
a steady gupply of air to the sprayers. 
Ragged ware is a term used to indicate slivers of 
metal or enamel v1hich can b e dislodged to contaminate ena-
mel slip or coated ware upon which it may drop. Air-borne 
contamin ation comes from a number of sources. A sandblast-
in g area not separated from the rest of the enameling shop 
can easily introduce a large amount of particles not fusible 
in the enamel. It is one thing to sweep the floor, and an-
other to keep dust from rising. Sweeping compounds should 
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be used, but it will tree labor for other jobs as well as 
doing a better job if a vacuum cleaner is used. A vacuum 
cleaner can be used on overhead areas, but on a week-end 
it would be possible to take a fire hose to inaccessible 
areas and do a good cleaning job. Many plants have attempted 
to obviate dust in the air by installing air conditioning 
units. For appliance plants this is virtually a necessity. 
One major source of air borne contamination comes 
from the spraying operation. In one plant rejects were re-
duced 50% by putting the spray booth under positive pressure. 
Enamel overspray could not reach the production floor.~· 
Water wash spray booths also are used not only to reduce 
spray dust but also to aid in the reclamation of enamel lost 
through overspraying. The water collects any enamel lost 
through the exhaust. Normal spray booths just exhaust spray 
dust by the use of fans, and reclamation of the enamel amounts 
to scraping the enamel off the floor and walls of the booth. 
Such a spray booth operation in one jobbing plant resulted in 
only 45.5% of the enamel going on the ware, 20% reclaimed from 
the booth, and the remainder was lost.~:-:~ The change to spray 
booths which help to eliminate dust may also aid in reclaiming 
lost enamel. 
Furnace tools are a source of contamination because 
in time seale from the tools will flake off and contaminate 
-:;. 32, P• 35 
-:H:- 6o, p. b2 
233 
ware to be ~ired. Coating these tools with a high tempera-
ture oxidation resistantrcera.mic coating will not only eli-
minate the scale but increase the life o~ the tools. 
c. Finance 
It is incumbent on the controller o~ the jobbing 
shop to provide for the addition and replacement of the 
necessary plant and ~quipment which are needed for efficient 
plant operations. The day-to-day operations of the business 
as they affect the financial status of the company are pro-
blems which require his constant attelltion. He must also 
arrange his accounting procedures to supply accurate and 
timely information to management on the manufacturing cost 
·of various jobs, and also to provide some data for the pro-
per estL~ation of the cost of possible fUture jobs on which 
prices will be based. He then must find the ways and means 
of s·acuring financial backing to enable the firm to grow. 
1. Fixed Asset Requirements 
In order to produce any product the first require-
ment is that there be available a plant to house the opera-
tions and equipment by the use of which the product may be 
competitively produced. \v.hat then does a jobbing shop need 
in the way of plant and equipment? 
The writer was able to secure the current pricing 
of new plant and equipment for two different plant capacities 
and efficient methods of operation. They are shown in Tables 
1. 
2. 
6. 
10. 
ll. 
12. 
13. 
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TABLE XXVIII. 
GEHERAL JOBBIUG PLANT AND EQUIPMENT COST 
FOR MONORAIL FURNACE 
500-600 SgFt/Hr 
Item 
Monorail box furnace - 5xl2x5 ft sidewall 
Door, hoist and accessories for furnace 
Recuperator for fUrnace 
Burning tools 
Conveyors -- furnace, 400 ft shop, 50 ft 
· dryer, 5o i't inspection 
Pyrometer, thermocouples and instruments 
Dryer 
Spray booths - 8 i't wide - two needed 
Dip tank 
Air compressor, lines, spray equipment 
Small sandblast 
Pickling set-up with 11 ft tanks, hoist 
and baskets 
Boiler and piping for pickel tanks 
Grinding equipment, mill room, barrels, 
screens for multiple color work 
Foundations 
Installation fees 
Building, structural steel frame, corru-
gated steel siding, 175 x 100 i't @ $3.00 
per sq ft, insulated 
Freight in: 
Total 
Price 
$25,000 
. 1, 000 
1,500 
3,000 
10,000 
1,000 
15,ooo 
8,000 
1,500 
10,000 
5,000 
30,000 
8,ooo 
15,000 
18,000 
20,000 
Source: Allied Engineering Division, Ferro Corporation, 
Cleveland, Ohio. 
1. 
TABLE XXIX. 
GENERAL JOBBING PLANT AND EQUIPMEl':T GUST 
FOR CONTINUOUS FUIDIACE 
1000-1200 Sq Ft/Hr 
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~ Price 
120 rt-10 burner straight through contin-
uous fUrnace with conveyor, pyrometer and 
accessories $100,000 
Recuperator for fUrnace 10,000 
Burning Equipment 3, 000 
Conveyors--furnace extension 100 ft; dryer 
75 ft; inspection 100 ft 5,500 
5~ Dryer 20,000 
16,ooo 
2,500 
20,000 
5,000 
6. · Spray b ooths 8 ft wide -- four needed 
7. 
8. 
11. 
12. 
Dip tank -- two neede4 
Air compressor, lines, spray equipment 
Small sandblast 
Pickling set-up with 11 rt tanks, hoist and 
baskets 
Boiler and piping for pickle tanks 
Grinding equipment and mill room, barrels, 
screens, etc. for multiple color work 
Foundations 
Installation fees 
Building, structural steel frrume, corruga-
ted steel siding, 250 x 100 rt. @ $3.00 
per sq. ft. insulated 
Freight in: 
Total 
30,000 
10,000 
25,000 
25,000 
30,000 
~,000 $3,000 
22,000 
$399,000 
Source: Allied Engineering Division, Ferro Corporation, 
Cleveland, Ohio 
236 
TABLE XXX. 
ESTIMATE OF THE COST OF 
NEW METAL FABRICATION FACILITIES AND EQUIPM.ElirT 
FOR ENAMELING SHOPS 
Min. 750 Sq Ft/Hr 
Item 
-
1. Layout tab les 12x6x3 ft -- four needed 
2. Work dollies 3x4x3 ft ten needed 
3. Punch press, multiple die, large work 
4. Punch press, small work, need two 
5. Drill press, small 
6. Blanking machine, 5 ton 
7. "Pulma:x." cutting and dishing machine 
8. Shear, 10 ft. 
9. Shear, 6 ft. 
10. Metal band saw 
11. Circle cutter 
12. Pressbrake, 10 ft 
13. Pressbrake, 4 ft 
14. Pressbrake, 1ft manual, &mall work 
15~ Flange rolling machine, 5 ft 
16. Flange rolling machine for sign letter work 
17. Box brake for deep flange work, 5 ft 
18. Spotwelder, large 
19. Spotwelder, small 
20. Gas welding tables and equipment 
21. Seam welder 
22. Grinders 
.9..2!! 
$ 1,6oo 
6oo 
7,500 
1,4oo 
125 
5,000 
750 
5,200 
3,500 
1,000 
300 
6,ooo 
2,500 
350 
500 
900 
900 
3,000 
boo 
1,000 
10,000 
300 
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TABLE XXX. ESTIMATE OF THE COST OF NEW METAL FABRICATION 
FACILITIES AND EQUIPMENT FOR ENMrffiLING SHOPS min. 750 
sq. ft./hr. (Continuation) 
Item 
23. Sanding machine 
24. Small hand tools 
25. Standard dies for punching, blanking, 
and forming 
Equipment Cost 
26. Building, insulated 8800 sq ft @ $3.00 
27. Foundations 
28; Forklift truck 
29. Freight in 
Plant and Equipment Cost 
2.2§! 
$ 250 
1,500 
12,,200 
$65,275 
26,4oo 
1,000 
5,000 
4,800 
$ 102,475 
Source: Bettinger Corporation purchasing agent estimate 
of the cost of new facilities. 
238 
XXVIII, XXIX, and XXX. Selection of the two types was based 
on an enameling shop which can produce cast iron or sheet 
steel ware of all types. 
It can be seen that if one wants the advantages of 
a continuous fUrnace operation, he will have to pay so.me 65% 
more than for a modern box rur.Dace operation. Such and ex-
penditure will double his operational capacity, however. 
If the enameler wants to produce his own fabricated 
parts, it will cost him another $100,000 to provide complete 
plant and equipment facilities necessary to turn out all 
kinds of sheet metal parts which would ordinarily be required 
of an enameling-to-order jobber. Actually, the cost of such 
facilities could be reduced if less equipment were bought and 
the equipment bought was used. 
Perhaps one of the reasons why so few new jobbing 
shops which can handle large parts have started in recent 
years is that enterprising individuals cannot secure the 
financial assistance which is necessary to even get a shop 
which will produce the ware, working capital requirements 
notwithstanding. 
On the basis of the reasoning of the writer, it 
would take a minimum of $25,000 to put together a plant and 
equipment virtually by hand if the private citizen decided 
to go into the enameling business. For instance, the plant 
could be rented, and the ~all fUrnace would be built by 
the person himself. All other equipment would be on a 
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reduced scale with automation being non-•xistent. The capa-
city of this p1ant would be low, and items which could be 
produced would be ltmited to sma11 signs, jewelry and the 
like. It naturally would not feature too many devices of 
labor-saving value, but rather would be quite rudimentary. 
Many small aluminum enamelers are now operating on this 
basis, and it will take them several years of profitable 
operation before they can consider larger scale operations. 
Replacement of existing equipment has been hard 
for jobbing enamelers. In the last ten years equipment 
prices have gone up 5o%. Depreciation charges against old 
equipment would not cover their replacement. Jbre advanced 
equipment in keeping with current technological progress 
would even cost more than the normal replacement of the old 
equipment. Since jobbing shop profits have been meagre, it 
would appear that one of the reasons that job~~ng shops can-
. 
not undertake entering new product fie1ds is that they can-
not afford the plant and equipment necessitated by such 
connni tments. 
In Table XXXI. the writer has listed the life 
eXpectancy and depreciation rates of some enamel plant items, 
which seem reasonable. Replacing equipment on the basis of 
the tab le. is usually not recommended since it does not in-
clude the factor of progress in equipment. For the fir.m 
which does no modernization, economic ruin in time is the 
inevitable result~ 
TABLE XXXI. 
LIFE EXPECTANCY AND DEPRECIATION RATES 
OF PORCELAIN ENAMEL EQUIPMENT 
Equipment 
Automatic stoverooms 
Blacksmith shop equipment 
Blowers 
Burning tools 
Controllers, temperature 
Conveyors 
Dryers 
Engines, internal combustion 
Fans, exhaust 
Furnace, continuous 
Furnace, box 
Guns, spray 
Heaters, electric blower 
Hoists, drum 
Machine shop equipment 
:Mills, ball 
Sandblast equipment 
Scales, platform 
Scales, portable 
Separators, magnetic 
Shears, hand lever 
Spary booths 
Years 
10 
15 
10 
5 
10 
10 
8 
14 
10 
15 
15 
2 
10 
14 
20 
10 
20 
20 
15 
6 
10 
10 
10 
6.67 
10 
20' 
10 
10 
12.5 
7 
10 
6.67 
6.67 
50 
10 
7 
5 
10 
10 
10 
TABLE XXXI. LIFE EXPECTANCY AND DEPRECIATION RATES OF 
PORCELAIN EAID!EL EQUI~TT (Gontinuation) 
Equipment Years d 
...£ ... 
Spray, machine automatic 10 10 
. Tanks, pickling, brick lines 15 _6.67 
Tanks, picklin g, lead lined 5 20 
Transformers 15 6.67 
Trucks, lift, battecy driven 10 10 
Trucks, lif't, gasoline driven 5 20 
Source: Ceramic Data Book 1956-1957, P• 633. 
2. Working Capital Problems 
According to estimates conveyed to the writer, the 
jobbing shop must operate on at least a net working capital 
which is 2Qfo or sales. Such a figure comes from estimation 
or the time between the shipment or the manufactured product 
and its payment by the customer. At the present time this 
period averages about two months. Thus a shop must have 
enough money to operate for 1/6 or roughly 20% of the year 
without receiving any income. 
Standard terms of 1% - 10 days net 30 have virtually 
no effect in relation to architectural work, which so many 
jobbing shops are now doing. For small architectural jobs 
terms are net on completion of,the jobs. For large construct-
ion projects progress payments are normally made, but 10% of 
each payment is withheld pending approval. Before the jobber 
finally gets paid the time interval may vary from zero to 
five or more months. 
In one article on financial management the author 
stated to enrumeling companies that for the year 1955 approx-
imately 14% of company failures was due to bad debts.-l:· A 
good credit department is essential to the operation of the 
business. Jobbing shop customers var:ry as to their ability to 
pay. Big companies usually discount, but small ones do not. 
In some cases liens may have to be filed against them. Small 
-l:· 82, p.59 
contractors operating on ltmited capital use the proceeds of 
their present job to pay their creditors who supplied them 
with materials for past jobs. Payments for construction jobs 
for cities and governments are usually two months in arrears 
because the payments must filter down through the general 
contractor, who may have trouble getting pa:y.rnent himself. 
Inventory problems have proved to be a headache to 
many a jobbing enameler. The principal raw material in which 
much money involved is steel. A jobber must order well in 
advance to assure that the requirements needed will be met, 
and he must keep a quarter-of-a-year supply on hand. In times 
of steel plant capacity the enameler may only receive his 
steel by allotment, and if the enwmeler had only placed a 
small order before to free working capital for other uses, 
the production shop may be caught short of steel with little 
prospect of getting more. This situation has eased now, and 
most firms can get all of the enameling iron other metals 
tba t they need. 
The comptroller is well aware of the great number 
of frits and oxides.which the production shop may use, so he 
should press for standardization of those materials to reduce 
the inventory needed to more workable levels. 
The credit standing on jobbing shops as reported 
to the writer by ceramic sup~ly firms has been good up to 
now. In one talk which was delivered by a supplier executive 
to enameling fir.ms, the speaker stated that his credit de-
partment was receiving complaints from jobbers who were 
experiencing a profitless prosperity.{~ For firms who are 
not making any money, a lengthening of accounts payable 
is usually a tool used to provide working capital. 
This swme speaker stated that his opinion was that 
enamelin g shops were afraid to pass on raw material and la-
bor price increases to the customer. If operating results 
indicate to the comptroller that the business is not making 
a profit, either prices must be raised or production must 
become more efficient, and accordingly, he should notify 
the heads of those other departments of the situation. 
3. Accounting Procedures 
For many jobbing enamelers who are basically sup-
plying just a few customers with but a few products, ordin-
ary accounting procedures are utilized. Those enamelers who 
perform architectural applications need some form of job lot 
cost accounting to provide segregated expenses on the cost 
of each job relative to its bid price and estimated cost. It 
also must serve as a means to accurately determine the expect-
ed costs of new jobs on which the company contemplates bidding. 
Cost accounting procedures will be of value in the determin-
ation of the value of material, work-in-process, and finished 
goods inventories without the necessity of a physical check. 
* 23, P• 4 
Cost accounting can be expensive, so for the small jobbing 
shop, elaborate procedures cannot be used to justify the 
expense at the increase of accuracy. 
In one report delivered at an enameler's conven-
tion it appeared that no two jobbing shops used the same 
cost accounting system, but tailored the system to meet the 
operating needs of each particular shop.{<-
In one large jobbing shop accounting personnel 
explained to the writer the workings of their cost account~g 
system. Because of its simplicity and the fact that it re-
quires but two men to run without making "clerks out of the 
working force", the writer will report the syst•m as .follows: 
Orders received are first checked against the ori-
ginal bid to assure conformity. Shop orders are then prepar-
ed and distributed to all operating departments on the work 
I 
to be done and the materials involved. The cost accounting 
department then prepares the job order card, which is the 
basic costing document. For the first entry on the card the 
cost accountant puts down the raw steel cost. It is com-
puted by multiplying the estimate of steel to be used on the 
job by the current price of the steel. To this is added a 
lo% scrap allowance based on the total amount of steel used 
in one year divided by the amount of steel which was sold 
as scrap for that year. 
Direct labor costs exclusive of burning time are 
posted directly to the job order card as they are incurred. 
Burning costs are based on the burning records for the day. 
Pickling labor is allocated to a job on a square footage 
basis. The square footage on a job is multiplied by a fac-
tor which is based upon the amount of steel used over an ex-
tended period divided by the total cost of pickling labor 
incurred over that period. 
Allocation of enamel costs requires a more complex 
treatment. The cost of a standard enamel is first computed. 
It was found that there existed a direct correlation between 
the amount of enamel sprayed and the direct labor used in 
performing the spraying operation. The standard enamel cost 
is then expressed in dollars per direct labor hour, and it is 
based on the value of the enamel materials used plus mill 
room labor divided by the spray labor time for the period 
of time (one month) used. This standard enamel does not re-
present a true enamel since the actual enamel used may be 
more or less expensive to make. The enamel actually used 
is expressed as a percentage of the standard enamel. A 
sample calculation would be. (hours spent by spray labor) 
times (average spray labor cost per hour) times (value of 
standard enamel per spray labor hour} times (percentage 
variation from standard enamel.) 
Charges for outside fabrication and purchased parts 
are posted directly to the job order card. 
Factory overhead is allocated on the basis of 
general, operating and service overhead. General overhead 
includes such items as general supplies, maintenance charg-
es and watchman salaries, and the operating overhead includ-
es depreciation and supervision charges. The s ervice depart-
ments of engineering and shipping are allocated as overhead; 
however, the laboratory,· which does customer projects for 
which p1. yment is received is set up as a separate costing 
entity. No charges to production are made for the use of 
laboratory time. Factory overhead is expressed as a per-
centage of direct labor dollars based on some combination 
of experience months. It is checked monthly for variations, 
and the rate is not altered unless some major explainable 
variation, like large changes in production volume, may 
occur and be permanent. 
Sales and administrative expenses are pro-rated 
to a job on the basis of what expenses ~~ve been incurred 
over a period of time divided by the sales volume for that 
period. 
A file is made up of the completed job order card, 
bid, customer's order and other pertinent documents pertain-
ing to a particular order, and the file is pssed around to 
various interested executives within the organization. 
It can be seen that this system violates the 
cardinal principal of cost accounting: segregation of 
standard costs from actual costs. However, the system should 
not be discarded as being too inaccurate for the following 
reasons: 
It would be too expensive to justify the cost of 
time study and records keeping since the work of a jobbing 
shop is not an endless repetition of one or several products, 
but each job may vary considerably as to the work entailed. 
Over a period of time the efficiency of the production de-
partment can be determined on the basis of the manufacturing 
expense incurred among similar jobs. In a small shop the 
plant superintendent can well tell what job has given him 
a headache to run, and such an indication is usually re-
flected in the work-in-process costs at any particular stage 
of work. On the basis of such procedures as these the sales 
department has at least some factual data on which pricing 
may be based. 
Refinements in the system may well occur some day 
and become standardized for jobbing shop operations, but 
since cost accounting to jobbing enameling operations is a 
relatively new application, it will require much time to 
determine what is the quickest, most accurate method of sup-
plying financial operating information to management at the 
cheapest possible cost. 
4. Securing Financial Assistance 
A writer summed in one sentence the difficulty of 
jobbing shops in securing financial assistance, " a prof'it 
sufficiently large to per.mit a sizable retention in the bus-. 
iness is necessary because, as most of you know, expansion 
in buildings, equipment, and working capital in relatively 
small or closely held companies must come largely :f'rom re-
tained earnings because the sale of stock or long term debt 
~; to the public is not possible or desirable. 
Most jobbing shops are virtually controlled by one 
family or a small group of individuals. An example of the 
tenacity to which they hold to their business has been the 
trouble which the Porcel~in Enamel;nstitute has bad in get 
ting fir.ms to report on sales and financial data which will 
be of benefit to the industry in determining trends among 
products and to indicate other areas of operational and 
administrative problems. 
In view of the fact that jobbing shopS.Jlre closely 
held and that the proprietors would like to see their busi-
ness grow handsomely by profitable operations; how can they 
possibly expand or keep their shop modernized when profits 
have been a~ost non-existent,~~ and dividends are authori-
zed to keep the proprietors at an equitable standard of 
living, a just return for the risks that they are taking? 
The jobbing shop may secure some internal means of 
financial assistance by tightening purchasin g requirements, 
stricter inventory control, better collections of receivables, 
~:- 23, P• 5 
~H~ 21, P• 1 
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while outgoing cash is reduced somewhat by failing to dis-
count payables. This, of course, will only allow the firm 
some extra working capital. 
External financing through short and long term 
bank notes has been the usual route for jobbing fir.ms to 
take in providing sufficient funds for increased working 
capital and fixed asset expansion. 
Equity financing through the sale of common and 
preferred stock would normally be looked on with disfavor, 
since the sale of such stock would naturally result in di-
lution of ownership. It would also be virtually impossible 
to sell such stock unless such a flotation was based upon 
extremely attractive provisions, which would offer the 
buyer an equitable return for the risk involved. 
The growth of the Bettinger Corporation is a case 
in point. Through the willingness of the owners to pi'rt 
with a share of their ownership and allow the corporation 
to become a publicly-held company, the firm has been able 
to expand by common stock flotations and bank loans. It 
was not accomplished on earnings or dividend records, which 
have been poor, but mainly on the potential of the company. 
Perhaps the risks taken now by this company to increase the 
level of operations so that ne~ fields can be entered may 
repay the faithful !lenders in the years to come when por-
celain enamel products have finally·cornered the markets 
that they so richly deserve. 
Histon: 
VI. CASE HISTORIES 
THE BETTINGER CORPORATIOU 
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Bettinger began operations in 1924 in Waltham, 
Massachusetts. Until the start of the Second World War, 
Bettinger was a general jobbing shop producing items like 
table tops, signs, general work, gas station panels and prin-
cipally, stove parts. The Second World War curtailed oper-
ations of the Bettinger Corporation, as it did to all jobbing 
enameling shops. However, Bettinger did not participate in 
government contracts for metal heat treating as some other 
jobbers did. To aid in reviving Bettinger and to provide an 
assistant for the president, who was experiencing health 
difficulties, Bettinger in 1944 began its search for a suit-
able young man who could assume the reins of leadership. 
Bettinger finally located this man in the person of 
Mr. Robert Weaver, soncof one or the principal executives of a 
large ceramic supply firm. Mr. Weaver was able to purchase 
5o% of the outstanding stock for only ~~14, 000, and he was 
given free hand in the management of the company. 
Upon Mr. Weaver's arrival in December, 1945, the com-
pany was :for all practical purposes, insolvent. Bettinger was 
one of the few jobbing enameling plants in New England, but it 
was only doing a small fraction of the available business in 
New England. There were but 15 employees and the operation of 
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the business was disorganized both as to production efficiency 
and personnel problems. Most ot the sales (approximately 80%) 
were made to a nearby stove manufacturer. 
Mr. Weaver had several very pressing problems to set-
tle in order to put Bettinger baek on a paying basis. The prin-
cipal ones were (1) secure financial support' (2) revise the pro-
duct line (3) establish more realistic selling prices and (4) 
reorganize the operations and persennel of the company. 
Mr. Weaver was able to satisfy the first need by 
raising privately some $13,500 for current working needs, and 
also he secured a $36,000 six-year note at 4% from a local bank. 
As to revising the product line, Mr. Weaver set a short term 
goal of sales or 25-40% in signs, 20% store front panels, 10-20% 
in cast iron enameling, and the remainder in general jobbing anA 
any new items which appeared to be promising. The company was 
losing money because prices were not high enough on some items, 
and a faulty cost system did not indicate such obvious errors 
as producing a certain heavy object for $200 yet selling it at 
$18. ~ingle items were being run in production and sold on the 
same basis as products which had much larger volume. Mr. Weaver 
was able to influence the OPA to grant a price increase of 28% 
and ascertained and eliminated those products which were very 
unprofitable items. The stove company with which the firm sold 
most of its products did not appreciate the price rise but was 
somewhat mollified at being told it was getting work at 10% lees 
than what it would be if the products were to be supplied by 
some other shop. In time these stove sales were eliminated 
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altogether as being too unprofitable and when the customer 
installed his own enameling facilities. 
Mr. Weaver attacked the personnel problem by per-
sonally soliciting new people. Even though the plant facili-
ties, wage scale and working conditions were poor, Mr. Weaver 
was able to bring Mr. Fred Shaw and Art Shaver into the com-
pany. Mr. Shaw was to be in charge of production since he had 
had much experience in executive positions with two large New 
England stove companies. Mr. Shaver was to be comptroller. 
For sales manager, Mr. Weaver chose Nathaniel Cannistraro from 
the ranks of company salesmen. 
By March, 1946, Mr. Weaver had put Bettinger on a 
paying basis. Because of ill health and resentment of Mr. 
Weaver's methods, the old owner offered Jr. Weaver his share 
of the business. From new employees and through other sources 
Mr. Weaver was able to raise the money to gain complete control 
of Bettinger. 
Under Mr. Weaver's direction, Bettinger began to grow. 
Mr. Weaver instituted a ten-year organizational program. From 
1947 to 1952 Bettinger was to attempt to achieve a stable pro-
duct line and deyelop new products which could provide substan-
tial sales. The next five-year period from 1952 to 1957 is 
when Bettinger would attempt to promote development of plants 
in which to produce its products. How well he has accomplished 
his plan is accented by the past historical period. 
At the outset, Mr. Weaver went after the estimated 
il50,000 business which was going out of New England. He was 
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able to get most of this business by convincing possible cus-
tomers of the high shipping cost and possible damage of por-
celain enameled products. Contract selling was aided by in-
tensive promotional effort. The engagement of Ruder and Finn, 
public relations consultants, helped to make Bettinger known. 
Press releases were distributed and articles were written for 
various trade magazines on new Bettinger developments. The 
main new products developed during the first six years were 
porcelain enameled curtain walls, wall tile, chalkboard, in-
dustrial building roofing and siding, and ceramic coatings 
for jet engine parts. 
Porcelain enamel had been used on gas stations for 
years, but its use on major buildings was no\ done. In 1947 
Lustron was in the process of building a plant to manufacture 
porcelain enameled houses, and the porcelain enamel industry 
began to eye other building markets. Bettinger was one of the 
first jobbing shops to go into the manufacture of major build-
ing panels. The wall tile product was an acquisition from a 
firm which was discontinuing jobbing operations. School chalk-
boards provided an excellent product to compete favorably with 
elate. The chalkboard was a development of the Bettinger labor-
atory. At the advent of the Korean War, Bettinger was aided by 
General Electric Company in acquiring a new plant addition to 
provide ceramic coated jet engine parts. The new facility, one 
of the few in existence, provided Bettiner with additional 
sales in high temperature coating applications. Porcelain 
enameled roofing and siding were developed in acid resistant 
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finishes for ~se in highly corrosive industrial atmospheres. 
The Bettinger plant at Waltham served as a nucleus 
for plant development. In 1948, Mr. Weaver helped to start 
a very small enameling plant at Concord, Massachusetts to 
enamel small signs and articles. In 1952 this plant was 
closed and its operation was moved to Rehoboth, Massachusetts, 
where larger facilities were available. Also in 1952 the 
total plant and business of the Toledo Porcelain Enamel Pro-
ducts Company or Toledo, Ohio, were acquired. This move 
gave Bettinger a plant in the m14west where the enameling 
industry was concentrated. 
Bettinger expanied into Canada by acquiring 50,000 
shares of a Canadian enameling firm named Graham Bell, Ltd. 
The 50.000 shares, which represented about 18% of the total 
number, plus a 60% voting right were bartered for exclusive 
rights to manufacture and sell Bettinger products in Canada. 
In 1954 the plant at Graham Bell was completely destroyed by 
fire, but a new, very modern plant is now in operation at the 
old site. 
To provide laminating facilities for its expanded line of 
architectural building panels, Bettinger acquired in 1954a 
49% interest in Sico, Inc. of Portsmouth, New Hampshire. Sico 
is a small organization whieh was started by an experienced 
engineer to provide laminating facilities to the New England 
area. 
Starting in 1955 Bettinger expanded further into 
foreign markets. No plants were to be built but. license agree-
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mente were signed with existing foreign manufacturers who 
desired to expand their porcelain enameling operations. The 
agreement. was such that each foreign concern would be allowed 
to manufacture and sell Bettinger products in their marketing 
area, and Bettinger would receive an initial fee plus monthly 
fees to cover the cost of technical and administrative services 
provided by Bettinger. Bettinger was benefited to the extent 
of the fees and promotion of its name in foreign markets with-
out the expenditure of funds other than for administrative 
promotional expense. 
In 1954 Bettinger enacted a ten-year capacity agree-
ment with Halrick, Inc., of Danbury, Connecticut. This pro-
vided Bettinger with a plant to enamel aluminum products of 
which sales are now growing. 
At the present time Bettinger is now considering 
building a new plant at Holliston, Massachusetts which will 
consolidate operations in the New England area and also in-
crease efficiency in production operations with the installa-
tion of the most modern equipment. 
S~S: 
Mr. Cannistraro, general sales manager of Bettinger, 
is assisted by an eight-man sales force working out of various 
Bettinger plants and twelve manufacturers' representatives. 
All salesmen are paid on a straight salary basis. It is felt 
that in order to further Bettinger1 s products much contact 
selling is necessary. If various incentives were offered 
salesmen, only well established customers would be contacted 
257 
rather than the possible new hard-to-sell customers which 
Bettinger wishes to add to their growing list of accounts. 
In the future Bettinger will consider adding more salesmen 
to replace the manufacturers' representatives, some of whom 
have not proved too satisfactory in promoting Bettinger's 
policy of missionary selling. 
Servicing of accounts requires much time of the 
sales force, because of Bettinger's wide variety of porcel-
ain enameled products (see Exhibit I)~ General sales empha-
sis regards such !actors as growth potential, income level, 
popu~ation density, and ~evel of construction activity, but 
since the products are sold to so many varied markets, the 
sales technique used in each changes. All chalkboard pro-
ducts are sold to u.s. Plywood Corporation who has an ex-
tremely large dealership organization. Bettinger has enjoy-
ed almost 80% of the sales of porcelain enameled chalkboard 
in the United States. In order to meet outside competition 
and to supply a more complete line at the insistence of u.s. 
Plywood, a one~coat chalkboard enamel applied directly to the 
steel is now being run in pilot plant production to provide a 
very low cost chalkboard. 
Selling to companies in the high temperature field 
is very difficult. If aircraft manufacturers can be convinced 
to use ceramic coatings, it results in sizeable business. Some 
50% of Bettinger's sales in 1953 were in high temperature pro-
ducts, but when General .l!:lectrie's J-47 jet engine was obsoleted, 
sales were l.ost • In order not to depend on General ~lectrie 
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Exhibit One 
* BETTINGER CORPORATION 
CONSOLIDATED SALES BY PRODUCT CLASSIFICATION 
.. . -(Thousands f) 
PRODUCT CLASS ~ 1954 ~** 1956 est. 
Architectural 194 439 591 640 
Service Stations 175 
Erection 36 89 115 110 
Signs 154 67 53 60 
General Enameling 666 539 519 420 
Chalkboard 172 159 278 375 
High Temperature 
and Laboratory 647 528 154 75 
1\Useellaneous 17 14 87 80 
Resale 7 2 50 85 
Royalties 125 
V-CORR Siding 90 49 64 215 
Bathtubs 151 312 365 
Veos Tile 260 170 
St.arfire Tile 300 
Fixtures 26 32 
--
TOTAL 1,983 2,037 2,509 3,220 
* 
Includes Rehoboth, Toledo and Waltham plants. 
** 
Rehoboth plant subsiding sales only included for years 
1955 and 1956. 
2ra ;>/ 
Bettinger has attempted to create other accounts by direct 
mail soli tation, direct contact, talks before technical groups 
and encouraging customer trial parts. Before sales orders of 
any magnitude are received, much experimentation and engineering 
work must be performed. Results of some 200 various projects 
performed in the last two years have only now begun to show any 
sales worth. In attempting to create more applications, Bettin-
ger recently hired a metallurgical engineer to attempt to seek 
those applications which might bear fruit. 
Bettinger architectural products have enjoyed in-
creased sales, but competition is very keen since there are 
almost 50 jobbing shops producing architectural products. A 
customer is first contacted and asked if he would specify 
Bettinger products, but usually the bidding mechanism is de-
sired. Usually the general contractor will attempt to get 
bids modified which are suitable to him. With such cut-throat 
tactice plus the added fact that some plants exist on vi~tu­
ally a month-to~month basis, much servicing and selling is 
needed to get architectural contracts. Bettinger promotes its 
architectural products by direct mailing to architects and 
builders, advertising in architectural catalogues and by dir-
ect contact when prospective jobs are found. Erection of 
buildings has caused Bettinger some trouble because of its 
intricacy. A former department of Bettinger which did erec-
tion was abolished and now small jobs are subcontracted to 
loe~ contractors, but on large jobs experienced firms tend 
to handle all erection on their own. 
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Signs are handled through a manufacturers agent as 
are bathtubs and V-CORR siding made for the house trailer 
field. Veos and Starfire wall tile, plus fixtures, are sold 
to about 200 distributors located across the country. Sales 
of tile are handled by three salesmen from the Rehoboth plant. 
General enameling includes such small items as soap dispensers, 
table tops and escalator risers, some of which are large volume 
production. Selling of general enameling products is primarily 
one of service and simple order taking upon inquiries. 
PRODUCTION: 
All plants possess general enameling equipment. The 
capacity of each plant varies but it is generally based on 
enameling furnace size. At Waltham there are three box turn-
aces, at Toledo there is one box and one continuous furnace, 
the Canadian plant has also one box and one continuous furnace, 
the Rehoboth plant has two box furnaces and two continuous tile 
lines, only one o! each which is now in operation, and Halriek 
has one aluminum enameling box furnace. A continuous furnace is 
roughly equivalent to two or more box furnaces. A box furnace 
normally will take 400 square feet of sheet steel products per 
hour. The Toledo, Waltham and Rehoboth plants are all at least 
20 years old. 
Reporting to Mr. Shaw, vice-president in charge of 
production, are the plant production managers and the research 
and development laboratory head. A typical organization is the 
Waltham plant where under Joe Zaniboni, pla.nt superintendent, 
there are the foremen of the metal, enamel, high temperature, 
shipping, engineering, maintenance and purchasing departments. 
There are approximately 300 production employees distributed 
among all the plants. 
At the Waltham laboratory two experienced enamel men 
assist a young ceramic engineer in carrying out research and 
development. The laboratory assists production by working on 
problema as they arise. All enamel formulations are checked 
in the laboratory for the Waltham plant, but other plants have 
a specialist who performs that task. The laboratory also 
answers customer inquiries of a technical nature and does their 
experimental work. Several long term projects like a color 
system and coat reduction and quality control programs are also 
assigned to the laboratory. As the need arises, any man in the 
laboratory has sufficient experience to substitute as a foreman 
of the enamel department, and such calls for help are made quite 
frequently. 
The control over the process is started in the en-
gineering department where the shop drawings and bill of mater-
ials are prepared. The purchasing agent then checks to see what 
materials are needed. Once the job is started, the mill room 
prepares the enamel and the metal shop fabricates the parts. 
The enameling shop proceeds to enamel the parts, and then they 
are placed in the shipping department for inspection and ship-
ment. 
There are several serious problems which constantly 
occur, the control of which is difficult. The most important 
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is scheduling of work which in a job shop is difficult be-
cause so many jobs requiring varying processing treatment 
are on the floor at the same time. The production superin-
tendent keeps a general list of jobs which presumedly are 
due to come in the shop during a definite period. Whether 
the jobs come up on schedule depends virtually on infinite 
number of possibilities. For example, bad weather will delay 
construction, so the contractor may want his work delayed. 
What storage space there is available would be quickly filled 
if jobs were done on a rigid schedule. Since the plants are 
small, the practice is for the plant superintendent to explain 
to the foremen the various degrees of importance of each job, 
and the foremen then work on that basis. 
Another problem somewhat allied to scheduling is 
making sure that the enamel formulation is correct and ready 
to go when the metal parts come down from the metal shop. 
With the great swing to acid resistant colors for the various 
products, trouble will likely ensue for it is not known just 
exactly whether it will work in production although it may 
have worked out all right in the laboratory. It is hoped that 
customers will choose colors from among standard colored plates 
now being made by the lab and thus solve this problem. 
As it stands now, outdated equipment and untrained 
help, due to high labor turnover, make processing problems 
difficult to handle. In many instances these two factors are 
the root of sharp differences of opinion among supervisors 
when unsatisfactory work is produced. F'or really touchy 
application problems the foremen are the only persons capable 
of handling the produot in the correct manner, and at times, 
a foreman will actually perform the manual work himself rather 
than risk defective ware. Ralph Holmes, head enamel shop fore-
man, -who has had some 28 years' experience, has stated to the 
-
case writer that it takes at least five years' experience before 
a worker could really understand the intricacies of porcelain 
enamel application procedures. Most of the workers now perform 
one job, but the union seniority system allows workers to bid 
onto a higher paying job when it is available. The foreman 
must attend to constant training procedures for both new work-
ers and old workers placed in a new job. 
I'INANCE 
All accounting and control managers of Bettinger plants 
report to Mr. Shaver, vice-president and treasurer. 
At the Toledo and Waltham plants coat control is ac-
complished by job lot cost accounting systems. The advantages 
claimed are that but for the small labor cost involved, lob 
estimation procedures become more exact; bidding is simplified; 
jobs can be followed through the plant and their cost ascertained 
at any stage of processing; the cost of any specific area of 
processing can be studied; profits of each particular product 
line ean be determined; and it simplifies inventory control with-
out having to physically check existing stocks. The coat system, 
however, has been tailor-made to the peculiarities of jobbing 
enameling work. Setting standards is perhaps the most difficult 
job. For instance, a red enamel costs more than a black 
enamel since its material cos~ is higher and more coats are 
needed to produce acceptable ware. The standard is usually 
expressed as a percentage of average work. 
Besides the yearly operating statements Bettinger 
prepares a quarterly balance sheet, monthly operating state-
ments and daily reports on cash position to aid management 
to follow closely the financial aspects of the business. 
Also reports on various jobs are circulated among management 
to review •. These reports contaim the se~ling price to the 
customer, the standard cost and the actual cost. They serve 
the purpose of pinpointing errors in judgment which could be 
obviated in future jobs. 
Since September 30, 1956, (See Exhibit Two) whe.n 
the cash position became critical, measures were taken to 
alleviate this condition, which has now eased somewhat. Mr. 
Shaver instituted a program of inventory reduction to help 
free cash, payables were not discounted and collections of 
accounts receivables were being pressed. 
Perhaps, Bettinger's greatest success has come in 
securing financial backing to develop the compa:cy. :Much of 
this backing has come from stock flotations which have been 
highly successful. Since the company was reorganized in 
1947 some f700,000 has been invested in the company through 
the sale of common stock withou~ the benefit of extremely 
good earning records or dividend payments, none of which 
have been authorized on ~e common stock. Mr. Weaver 
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attributes this success to, "The special appropriateness of 
public equity financing for small firms with growth possibi-
lities is that it appeals to investors who are not only will-
ing but anxious to forego immediate returns in the expectation 
that they will be amply rewarded in dividends and capital 
appreciation when the company has successfUlly gone through 
its growing pains.u 
At present Bettinger has long-term debts of the 
remaining portions of a f250,000 seven year term loan and a 
$75.000 mortgage. Bettinger's financial state received a 
setback in 1955 when a protracted strike cost the company an 
estimated fl85,000. At this time, Bettinger's new plant to 
consolidate production operations in the New England area 
will be financed by an issue of $400,000 in convertible deb-
enture bonds and $100,000 in common stock. This issue has 
now been almost completely placed. 
EUTURE BETTINGER AIMS 
As of November 1956, Bettinger had a fl,500,000 
backlog of orders and the backlog was increasing a~ the rate 
of 10% per month even though operations were proceeding at 
twice the rate of the same period last year. Normally, job-
bing business falls off in the winter months, but orders 
have held up for better than expected. Much of this rosy 
picture Mr. Weaver attributes to the results of the some 
f3,000,000 which has been expended in research and develop-
ment over the past eight years. Ninety per cent of company 
sales are in products not made in 1947. For 1957 Mr. Weaver 
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states that sales should go to the 11,930,000 level at the 
Waltham plant, a some 30% increase in sales volume over 1956· 
Profits are expected to double. 
Mr. Weaver expects to meet problems concerning the 
acquisition of the new plant, hiring and training new personnel 
and meeting financial obligations, but he believes that Bettin-
ger has nearly reached the end of ita initial growth period, 
and that the period of volume production is just ahead. 
EXHIBIT TivO 
CONSOLIDATED BALANCE SHEET-l:-
BETTINGER COftPORATION 
Selected Years (Dollars) 
Sept. 30 
LIABILITIES 12lll ~ 1:2..8 !2.2.2. ~ 1222 1956 
Current Liabilities 3,732 29,710 46,063 39,263 56,157 104,500 99,651 
:Hortgage Due 40,670 77,050 79,842 81,895 279,452 263,013 344,744 
A/P 12,068 11,780 41,464 56,759 75,472 86,756 82,375 
Ace. Expense 
--
6,744 8,159 18,868 14,639 1,216 18,770 
Employees Retirement 
Fund 
Taxes 4,354 4,452 35,775 47,649 48,926 -- 22,415 
Due to Officers 2,930 542 
Unearned Technical 
Service Fees 
-- - -- -- --
29.500 
-
TOTAL CL 73,754 130,281 211,303 244,434 474,646 484,985 567,955 
Long Term Notes and 
Mortgages 119,373 134,135 93,767 159,504 124,500 234,250 196,250 
Net Worth 
5% Pfd Stock 32,400 40,400 28,000 28,000 28,000 28,000 28,000 
Common Stock 17, 838 17,838 175,000 175,000 175,610 212,307 212,307 
Capital Surplus (23,331) 8,873 327,863 327,863 330,303 477,091 477,091 
Appraisal Surplus 
-- - 46,432 38,032 29,632 21,232 17,032 
Earned Surplus (2,025) 10,292 42,645 76.381 lll,l87 (13,847) 48,200 
TOTAL 24,882 77,403 591,940 617,276 646,732 696,783 754,630 
1\) 
Total Liabilities 0" 
and Net Worth 218,009 310,417 925,010 1,049,214 1,273,878 1,444,018 1,546,835 -.J 
EXHIBIT TliJO - CONSOLIDATED BALANCE SHEET - BETTINGER CORPORATION - SELECTED YEARS (DOLLilliS) 
ASSETS 
Current Assets 
$ ~;l68 !21& 12.2,g ~ l22!i lill Cash $ 3,303 $ 43,702 $ 85,349 $ 36,218 $ 92,911 
N/R and A/R 41,003 93,877 170,970 154,242 316,155 303,500 
Inventory 40,096 52,439 202,192 222,963 276,464 337,349 
Prepaid Expense 
- 2,798 18,829 12,973 12,337 18,393 
Income Tax Claims ~ 2.228 - - - 58,207 TOTAL CA $ 6, 1 $159,548 $435,693 $475,527 $641,074 $~11,o6o 
Investments 
-
$ 2,856 $ 46,865 $142,450 $175,411 $208,721 
Fixed Assets 
Land & Bldg. $100,001 $ 94,601 $296,952 $303,836 $298,515 $301,506 
Mach. & Equip. 45,795 44,140 284,711 301,836 316,373 318,829 
Other 1,621 3,653 4,442 
Furn. & Fixtures 1.722 2.812 12.222 16.2~2 12 ~81 15.223 TOTAL $149,170 $145,214 $601,437 $622,0 5 $634,l 9 $635,728 
Ace. Depreciation 18.822 - l:Z2.821 207.222 22Za.22Z 268.221 
Net fixed Assets $130,272 $145,214 $421,606 $414,470 $397,342 $366,801 
Other Assets 
Sales Expense ~· 1,722 
-
$ 14,729 $ 7,925 $ 13,119 $ 15,209 .;p 
Cash Value - Ins. 
- -
4,458 7,723 10,413 13,186 
Recapitalization Exp. 
- --
1,659 1,119 579 39 
Deferred R & D Exp. 
- - -- - ~.2!±0 29.002 Total other Assets $ 1,722 - $ 20,846 $ 16,767 $ 051 $ 57,436 
TOTAL ASSETS $218,010 $310,417 $925,010 $1,049,214 $1,273:878 $1,444,018 
-h- Note: Consists of only the Waltham and Toledo plants. 
12i6 1 Se~t ,.__ 30 
3,6 6 
433,688 
3~6,B24 
20,100 
$824,278 
$289,031 
$306,409 
344,260 
16,001 
$666,670 
222,002 
$374,668 
$ 13,675 
13,186 
3la22Z $ 58,858 
1\) 
0" 
Cb 
ITEM 12.8. 
-
Net Sales $1,408,411 
Cost of Goods Sold 1,131.992 
Gross Profit 276,449 
S & Adm. Expense 214.143 
Income from Operations 62,306 
other Charges (81849) 
Net Income (loss) before 
Federal Taxes 53,457 
Provision for Federal 
Income Taxes 36.216 
Net Income 17,241 
Add: Net loss for sub-
sidiary for period prior 
to acquisition 2.26~ 
Consolidated Net Income $20,204 
-r.- lialtham and Tcledo plants. 
EXHIBIT THREE 
Bettinger Corporation* 
Income Statement 
12.2l !221± 
$1,985,179 $2,007,522 
.1.616,067 1,642.648 
369,112 364,838 
266.436 281.908 
102,676 
(131267) 
82,930 
( 21221) 
89,409 77,679 
!.tZ a .2QO ~!.taZOO 
41,909 42,979 
-- --
$41,909 $42,979 
12.22. 
$2,029,752 
1,910,336 
119,416 
314.514 
(195,098) 
7~230 
(187,768) 
-
(116,861) 
-
$(116,861) 
1956 Sept. 
$1,611,603 
1,278,284 
333,319 
217,856 
115,463 
(17.360) 
98,103 
22.415 
75,688 
~12.221) 
$63,097 
1\) 
0"' 
....0 


HISTORY: 
Case History 
of 
T~ PORCELAIN ENAMEL PRODUCTS COMPANY 
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Many jobbing shops were started on the basis of 
individual initiative and were usually of the type where the 
founder began his own business after accumulating porcelain 
enameling experiance with some going concern. The Porcelain 
Enamel Products Company of Rehoboth, Massachusetts, had a 
somewhat similiar but slightly different rounding~ In June 
1947, Mr. Fred Mears, now general manager of Pepco, was fin-
ishing his graduate studies in business administration at 
Harvard University. Mr. Mears was looking for suitable em-
ployment with a small established company, and as a result 
of a case study on the Bettinger Corporation, a porcelain 
enamel jobbing shop, Mr. Mears secured an appointment with 
Mr. Robert Weaver of that firm. 
Mr. Weaver stated to Mr. Mears that his firm was 
experiencing post war adjustment problems~ which precluded 
expansion in a line of products which Mr. Weaver thought 
offered excellent sales possibilities. His firm was con-
sistently getting requests for small size items from regular 
customers. The total dollar volume of these items was an 
excellent source of revenue, but because operating equipment 
was oversize for the work involved, these small articles were 
relatively unprofitable. What was needed in Mr. Weaver's 
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opinion was a small plant or addition to the present plant 
which would specialize on small items such as thread guides 
for the textile industry, small industrial parts, street 
signs up to 2 ft. by l ft. and any other products of approxi-
mately that size. 
At the time of Mr. Mears visit there existed a 
potential sales volume of f50,000 to f60,000 per year 1n 7-
1nch diameter public telephone signs to sell at a unit cost 
of about 60 cents. A f'irm contract was also available from 
the largest sign manufacturer in New York City who did not 
manufacture the enameled signs but jobbed out the work. 
Large porcelain enameling firms normally did such work as 
fill-in but they were busy and the New York City sign manu-
facturer could get only poor service. The contract would 
amount to some f30,000 to $35,000 in street. sign blanks. 
Mr. Mears thought that this was the opportunity 
that he had been seeking. Mr. Weaver stated to Mr. Mears 
that if he could raise the money to finance this new jobbing 
shop, Bettinger would supply the technical assistance, mater-
ials and other aid. 
Under Mr. Mears' guidance, Pepco was incorporated 
in October 1947. By virtually selling stock door-to-door to 
investors who were looking for opportunities to achieve capi-
tal gains, Mr. Mears was able to raise the f60,000 capital 
deemed necessary to start the business. The capitalization 
of Pepco at its founding was based on two classes of stock, 
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6% cumulative preferred and common stock. Bettinger received 
51% of the common stock for its participation, and the other 
investors received the preferred shares and some shares of 
common stock. The preferred shareholders were given the right 
to assume voting control if the company could not pay the pre-
ferred stock dividend for two consecutive years. 
Mr. Mears stated that on April 19, 1948, Pepoo began 
production at Concord, Massachusetts. The plant consisted of 
a garage with 2400 square feet of floor space, and the equip-
ment consisted of a small furnace of fire box size, 5' x 2!' x 
3', two grinding mills of 75 pound and 150 pound capacity, a 
complete pickling line of tanks 3 x 4 x 4 ft., one small dryer, 
a screening table and two small brushing tables. There were 
three employees, one of whom was an experienced ceramic engineer 
loaned by the Bettinger Corporation. 
During Pepco's first year of operation sales came 
from telephone signs, the New York City street sign firm's order, 
some thread guide work, miscellaneous signs, and two new small 
items which Mr. Weaver of Bettinger secured for Pepco. One of 
these items was called a "flame-tamer11 and. was essentially a 
food warming plate to be placed over the gas jets on a stove. 
The other item was a liquid soap dispenser for use in public 
washrooms and service institutions. 
In the first three years of Pepco's existence, the 
largest single order consisted of signs for Texaco oil trucks. 
Pepco also began to produce rest room, exit and other general 
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stock signs. Some problems occurred in the manuf'acture of' 
small items. In one case Pepco P~d to silk screen seven colors 
to make a special "Ex-lax11 sign. Silk screen work f'or porce-
lain enamel was relatively new to this country. Patents were 
held in England, and nknow-how" was non-existent in the USA. 
Trial and error was required. Mr. Mears stated that Pepco 
made 5000 in order to get the necessary 3000 which would pass 
inspection. Such intricate work proved troublesome and was 
very unprof'itable, and the results recurred f'or other parts. 
Again, trade arts without experienced people means trouble. 
In the first year Pepco had sales of' $69,000 and lost 
money; in 1949, the second year, sales were approximately 
$100,000 and Pepco broke even; but in the third year 3% prof'it 
was made on sales of ~:t>12o,ooo. It was early in the f'ourth 
year (1950) that Mr. Weaver of' Bettinger was considering a 
product for Pepco which PAd straight line, volume production. 
This new product was a revolutionary one-fire wall tile which 
was then in the development stage. Bettinger and Baltimore 
Porcelain Steel Corp. were to join in producing the product 
in three or f'our plants spread over the country. Unfortunately, 
the Korean War came, and for lack of steel, the pilot line at 
Baltimore Porcelain Steel was halted. 
For the next two years, Pepco continued to produce 
small enameled articles. Sales continued at the $130,000 level, 
but small losses were incurred. One large jobbing f'ir.m whose 
major product was table tops began to cut prices on otP~r 
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articles to maintain sales volume after the new formica table 
tops cut the heart out of their business. Most of Pepco's new 
customers were former customers of this large jobbing shop, 
and for Pepco to meet the competition, prices had to be cut 
and margins dwindled. 
In early 1953 the vv.hirlpool Corporation purchased 
Clyde Porcelain Steel Corporation, a large jobbing firm. 
Bettinger was asked whether they would like to purcr~se two 
"Veos" wall tile lines which had been in production at Clyde, 
since Clyde's production was to be converted to washing mach-
ine manufacture. This opportunity would enable Pepco to be 
in production of wall tile aLmost overnight. 
11Veos" wall tile was a. porcelain enameled steel tile 
which was started in the late 1920's by Youngstown Sheet and 
Tube Company and the Barrows Corporation, a jobbing shop. In 
the middle 1930's, Clyde assumed control. 
Clyde was selling $650,000 to $900,000 worth of tile 
a year, and in the sellers market then prevailing, it had been 
very profitable. The Veos wall tile appeared to be a product 
which had excellent sales prospects both when new building 
starts were high and for the remodel market because Veos was 
applied over a scored baseboard• which could be easily applied 
to an old wall. At that t~e, the only competition was from 
wet-bed clay tile. Pricewise, Veos in normal thickness had a 
price advantage over clay tile of 75 cents per square foot 
installed. To prevent reducing production during the Korean 
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War because of the steel shortage, ClY-de reduced the field tile 
to 26 gauge (very thin) stock, and quality was poor. 
Wet-bed clay wall tile installations consisted of a 
glazed all vitreous wall tile which was plastered to a lath and 
cement bed which was expensive and time consuming to make, and 
required a trained mason. However, it was known that the tile 
industry was developing a thin clay tile which could be applied 
directly to a wall surface with a simple adhesive. Such a new 
development would measureably reduce the price per square foot 
of clay tile installed. Professional surveys estimated that it 
would be at least three years before this new development would 
be a reality. During this three-year period, Pepco believed that 
it would be able to write off the cost of the tile lines, and 
also, provide the necessary time to perfect the new one-fire 
tile process (Veos was a two-fire process--ground coat plus 
colored cover coat) and make the- tile so that it too could be 
directly applied to the wall thus eliminating the base board 
and maintain its competitive advantage pricewise. 
At the time of the proposed tile line purchase, plas-
tic wall tile had just come on the market. It was not throught 
to be too competitive because it was a low-cost, inferior pro-
duct which fulfilled certain consumer needs. Mr. Mears compared 
it to the choice between owning a Ford or a Cadillac. 
In the three-month period before Pepco was able to 
consummate the sales agreement with Clyde Porcelain Steel, 
Whirlpool was rapidly converting Olyde to its type of 
. . .
... 
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manufacture. As a result, the tile business was neglected. The 
erfects of this period, together with certain then unknown 
difficulties which Clyde had, presented Pepco with serious 
quality problems, which to some extent still exist today. 
One of these problems was the poor quality of Veos 
wall tile manufactured during the changeover of Clyde's busi-
ness. Dies used to punch the tile from steel sheets had 
become worn and consequently, the stampings had developed a 
strain at the corners. This caused both warpage and flaking 
of the. enamel from the steel months after installation. Water 
leaked in from the shower causing tiles to pop off the walls. 
Because of the time lag between sales, installation, and the 
slow effects of water penetration, complaints from consumers 
did not occur until after Pepc~ had purchased the tile lines. 
However, Clyde compensated Pepco for some of the claims. 
Also related to tile warpage was the failure of a 
combination grouting and adhesive used to stick Veos to the 
•~11. Tbis was a new development of the Armstrong Cork Co. 
and a forerunner of similar adhesives being used for plastic 
and Other tiles today. It appears that at times the product 
was good, but no one realized that evidently there was insta-
bility in the manufacturing process causing a fair percent of 
taulty material to be used. Armstrong had a five-year dis-
tribution contract W2th Clyde, but it was found that Clyde 
~d to pay Armstrong $1001 000 just to buy back the one year 
remaining on the contract. It was felt that the faulty 
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adhesive plus the poor tile had hurt the name of Veos. 
Curiously enough, a professional marketing concern 
employed for the purpose of investigating the wall tile pro-
duct failed to list the above facts. Although there was 
slight mention about the adhesive used, it was felt that the 
error canw in that the marketing concern failed to survey 
adequately the consumers who had the tile installed in their 
kitchens and bathrooms. 
The purchase contract for the tile lines called for 
Clyde to furnish a minimum of four months inventory to cover 
the dismantling of the equipment at Clyde and its reinstalla-
tion at Pepco. It was a fact at the actual time of sl1ipment 
to Pepco of the tile lines, the inventory of tile then stood 
at only 9 or 10 days. All of the usable inventory of field 
tile, the basic building unit, was exhausted within a six-
week period. Consequently, no tile was available to the 
public because it took from October, 1953, to March, 1954, 
for Pepco to overcome the inherent die difficulties and to 
achieve fUll production on the one line installed. At present, 
the other tile line purchased is still not being used. 
Distribution of tile was markedly affected in the 
approximate six months of management chanee. Clyde Porcelain 
Steel had some 4oo distributors' accounts when they were 
operating the line. By the time Pepco assumed control, the 
accounts numbered less than 200, and because of the period of 
little or no tile manufacture, the accounts finally dwindled 
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to a hard core of 83. 
Because the tile line necessitated much floor space, 
the Concord plant was closed, and the plant, facilities, and 
business of a jobbing enameling 1'irm at Rehoboth, Massachusetts 
were purchased to concentrate all operations of Pepco. The 
move to Rehoboth did not affect their line of small. specialty 
enameled products. However, Pepco inherited much of the busi-
ness of the purchased firm which consisted of gasoline pumps, 
sink drainboards, and stove parts. Pepco now had full sized 
production equipment to manufacture large signs and other 
architectural work. Old customers began to shift more business 
to Pepco who was not now limited in part size. Essentially, 
Pepco became a general jobber with a wall tile for a specialty. 
The production of wall tile also necessitated the manufacture 
of bathroom wal.l fixtures as an allied complementary product. 
Sales of Jobbing products now run 1225,000 to i250,000 per 
year. 
Soon after Pepco began to produce Veos tile, the 
clay stick-on tile reached the market, some 2t years in advence 
of expectations. The changeover in product line caused heavy 
losses in 1953, and for the year 1954, Pepco lost money due 
primarily to the loss in tile sales volume because of this new, 
serious competition. Before the end of.l954, for Pepco to 
stay in business, it was realized that both the manufactured 
cost and the installation cost of the tile had to be lowered, 
since Veos was being forced to compete with the accepted 
standard for the market at the same price, and Veos did not 
have universal acceptance. To lower the installation cost, 
the tile had to be redesigned and be made of thinner gauge 
steel. The new stampings would be the same price as the old, 
but new costly dies had to be purchased. It took over six 
months to find a new universal grout and adhesive that would 
stick to both the tile and wall materials such as wallboard, 
plaster and plywood. 
The only way to materially reduce the cost of tile 
manufacture was to cut down the travels through the furnace 
from two to one time. Thds was easier said than done, for the 
porcelain enamel industry has been experimenting in this 
direction for years with not too much success. One other 
firm, the Mirratile Company, had begun to market tile in 
pastel shades where the cover coat was applied directly to 
the steel without the use of the conventional ground coat. 
The process was called the Ferro Republic pickle process, and 
it was tried for two months at Pepco, but it could not be made 
to work successfully. Pepco had used at times the one-fire 
process invented some years previous when the tile business 
was being considered. This tile, however, could only be pro-
duced in dark shades like liine and slate grey. Pepco lost a 
large account for one-fire tile installations in Levitt homes, 
because once the sellers market had begun to develop, house 
buyers would not accept dark colored tile bathrooms. 
It took only one month of concentrated effort of 
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Bettinger's laboratory personnel, who were loaned to Pepco, to 
change tl~ dark colored one-fire tile into pleasing pastel 
shades wh ich exhibited a special texture not unlike polished 
granite. This new tile was now called "Starfire," however, 
it took Pepco 14 months to progress from the laboratory stage 
through production development to realize full scale production 
of Starfire. Mr. Mears estimated that it cost Pepco $125,000 
to underwrite the developmental cost of Starfire. 
Production 
The plant at Rehoboth has approximately 21,000 square 
feet of floor space which is divided into a materials storeroom, 
office space, pickle room, laboratory, mill room, and the ship-
ping, jobbing shop and tile line areas. Since tile is sold from 
stock inventory, a 30,000 sq. ft. warehouse is leased at Fall 
River. Most of the equipment used in the plant is old, but 
still in quite serviceable condition. The pickling tanks for-
merly used in Concord were replaced in 1956 with large 11-foot 
long tanks which increased pickling capacity of the plant. 
Pepco's increased sales and variety of products has 
caused a shortage in work space necessary to produce the pro-
ducts. Until finances permit an increase in plant size, Pepco 
has attempted to utilize all available floor space as efficient-
ly as possible. There is one very large box furnace in opera-
tion which is used to produce specialty items, general jobbing 
work and bathroom fixtures. In case of an insufficient furnace 
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capacity, another box furnace now idle could be used. ~ither 
air drying or the use of a room dryer is used for water removal 
of sprayed or dipped Jobbing shop parts. 
The availability of labor in the area has been good 
which has been due partly to the exodus of textile firms from 
the vicinity of the plant. At present there are about seventy 
employees, most of whom are employed on the day shift. The 
shop 1s not unionized. For supervision Pepco has several men 
with years of enamel shop experience. The man in charge of 
the mill room is reputedly one of the best in the business. 
All development and testing was formerly done by one man, but 
because of the great work load to be done, another employee 
was hired a year ago to be traine4 to perform this work. 
Most of the jobbing shop products now give little 
trouble in production, except for certain new parts which 
usually require some experimentation in choosing the proper 
methods of production. The tile line, however, requires the 
utmost control procedures. Essentially, the process begins 
along two lines; enamel preparation and metal blank. 
The enamel preparation is very critical in regard to 
the cover coat. There are eleven Starfire colors and every 
color will contain in its formulation from three to eight 
coloring oxides. The control of color is maintained by the 
use of color standards against which each new batch or enamel 
is checked. The most serious cause of error i• formulation 
has been traced to variations in materials, mainly the coloring 
oxides. Each time that a new lot of coloring oxide is received 
a sample mill is made and the color obtained is checked 
against the standard. The lot of oxide is then labeled as 
to its strength and hue for use in production. Each of 
these color trials must be compared under different lighting 
systems to see that they match. Pepco has reduced this com-
plicated control procedure by buying a years' supply of each 
oxide at a time, and the purchasing is done on a staggered 
basis to enable the scheduling of color matching problems. 
When loading the mills, all coloring oxide is 
added in the middle of the change to prevent its loss in 
crevices and in handling. After grinding, the enamel is 
checked to make sure that it has the right particle fine-
ness. The milled enamel is then passed through a coarse 
sieve, a rotospray, and a magnetic separator. It has been 
found that the magnetic separator should not be used on 
certain enamels because some coloring oxides are magnetic 
and, consequently, will be removed. The enamel is placed 
in porcelain enamel coated barrels to await use. It has 
been found that all enamels, to produce satisfactory fin-
ishes, must be aged a minimum of three to four days before 
use and, in the case of one yellow, it takes almost a month. 
The steel tile blanks are punched out of conven-
tional, fine grade enameling iron at a nearby sheet metal 
stamping firm. All of the blanks are trucked to Pepco in 
steel barrels. Upon receipt of the b.lanks they are placed 
in individual slots in especially designed pickling racks. 
The pieces are then put through the conventional pickling 
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process used by most porcelain enamel firms. However, the 
process must be rigidly controlled as to the variabilities 
of chemical concentration, temperature, pH, and time of 
immersion. The nickel dip is most important since the cor-
rect amount of deposition of nickel is extremely important 
to tile quality, and the deposition is checked by spectro-
photometric means several times a day. Once the tile has 
passed through the pickle line, it is used as soon as 
possible. 
The tile line process begins when workmen place 
the tile on lay-down piano wire conveyors. At the rate of 
~400 field tile per hour, the six lines of tile move into 
the electrostatic spray booth where the ground coat is ap-
plied to both sides of the tile. After the ground coat 
spray, the tile move into the reclaimed cover coat enamel 
spray booth where automatic spray guns apply the cover coat 
over the wet ground coat. The tile then move on to pass the 
final stage where automatic spray guns apply the f'inish coat. 
After spraying, the tile pass through tbe dryer and into a 
radiant tube continuous furnace. After leaving the furnace 
the tile continue on to the inspection line where they are 
inspected and packed for shipment. 
Rigid control of the application andl firing process 
is maintained continuously. One employee spends his time 
checking application weight, drying conditione and other 
factors every fifteen minutes because only slight variations 
in the process can be tolerated. Contour shapes present 
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problems in that their fired color must be the same as the 
field tile. This has resulted in especial techniques of 
handling each shape to secure satisfactory ware. The firing 
temperature of the enamel is extremely critical--only a 10°F. 
total variation is permissible. The old tile line electronic 
controls had to be replaced with a much more accurate system 
to assure fire temperature control. The speed of the furnace 
conveyor chain is also synchronized with the speed of the 
spray booth chain. 
The efficiency of the tile line is the most serious 
problem facing Pepco. On one day rejects were as low as 0.2%, 
a figure which was better than Veos tile had ever been run. 
Then on other days it could run as high as 30%• From exper-
1ment.ation, it has appeared that the enameling iron base used 
will vary as to its enameling quality. Hence, another rigid 
quality control check may have to be instituted. 
SALES: 
Under Paul Handley, sales manager of Pepco, four 
salesmen are used on servicing and promotion of Starfire and 
Veos tile. The salesmen are placed on a salary basis with 
expenses and travel allowances being paid by Pepco. 
At present Pepco considers their principal product 
to be Starfire tile with Veos tile being secondary. Complemen-
tary products are cast iron bathroom fixtures for Veos tile 
and sheet iron fixtures for Starfire tile. Jobbing constitutes 
the remaining 20% of the sales. 
The majority of the tile is sold through a distributor 
EXHIBIT ONE 
SALES ESTIMATE E'OR YEAR 1957 
Product 
Veos tile 
Starfire tile 
Fixtures 
Accessories 
Jobbing 
TOTAL 
}!;stimate 
(Dollars) 
$125,000 
350,000 
30,000 
100,000 
175,000 
$780,000 
EXHIBIT TWO 
Percentage Increase 
(Decrease) over 1956 
(16%) 
83% 
76% 
51% 
(3%) 
30% 
NATIONAL AVERAGE PRICES PER SQUARE FOOT 
FOR VABlOUS WALL TILE INSTALLED 
~ 
Plastic tile, good grade 
Baked enamel on steel 
Baked enamel on aluminum 
Clay tile on metal lath 
Cla~ tile using stick-on adhesive 
STARFIRE tile 
VEOS tile 
Price per sq. ft. 
Installed 
f0.90 - 1.10 
1.25 
1.25 - 1.30 
2.20 
1.70 - 1.75 
1.50 
2.00 - 2.25 
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organization of approximately sixteen distributors set up on 
a geographical basis. Other sales of tile are made to volume 
builders, local independent artisans and dealer sales in areas 
not covered by the distributors. Two of the four salesmen 
are trained in installation work, and are used to assist new 
franchised distributors to train men f<?r distribution. Once 
the distributor has received initial help, the distributor 
will be responsible for employing and training his own person-
nel and dealers in installation work. 
Distributors or Starfire tile receive a 20% discount 
on list prices with an extra 6% allowed for advertising. Pepco 
does as much general advertising as possible with the available 
supply of funds. Pepco salesmen present exhibits at various 
u home11 shows and distr1bu te sales aid and literature to pro-
spective accounts. The prospective sales promotion campaign 
for 1957 tile sales concerns three major areas of concentration. 
The major consideration is to add new distributors to the pre-
sent sixteen. It is hoped that ten to twelve new ones will be 
added in 1957· The market for tile in Canada is now also being 
explored. A second area of concentration is to sell large 
accounts such as national oil chains for filling station rest 
rooms, volume home builders, major hotel chains, and pre-fab 
ricated home builders. The last aspect of the sales program 
is to have architects prepare a proper specification for Star-
fire so that installations will be correct and assure freedom 
from complaints. Since Starfire and clay tile are lifetime 
products while plastic and painted tiles are not, the two 
compete with each other. Pricewise, Starfire has the edge on 
clay tile with the added advantage that it w1~1 not crack, 
craze or chip. If Starfire could capture but. 1% of the sales 
of clay tile sold annually, Pepco could not produce enough 
tile on an around-the-clock, seven-day work week to satisfy 
even a fraction of the demand. Much of the sales of the 
more coatly Veos tile is believed due to the aggressive sales 
efforts of dealers on the promotion of the non-crazing quali-
ties of Veos tile over clay tile which will craze. It was 
encouraging to Pepco to find that Starfire tile may be applied 
directly over crazed and cracked clay tile which hotel owners 
are finding a boon. 
In the main, the principalproblems facing Pepco in 
tile promotion are to achieve industry acceptance, difficulty 
in getting distributors and tile setters, insufficient funds 
for the large promotional and selling campaign necessary to 
launch Starfire tile, and the competition coming from the 
stick-on clay tile. 
Approximately 60% of jobbing sales come from repeat 
customers requiring minimum servicing. The balance or jobbing 
sales come from contracts let through bidding situations and 
subcontracts from other jobbing shops. Jobbing products are 
not aggressively sought, rather they have come from the further-
ing of Pepco developments to satisfy customer requirements or 
through successful applications for new fields. The latter 
developments have run the gamut from high temperature to jewelry 
applications. One of Pepco's most satisfaetory customer sales 
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servicing results was the redesign of a soap dispenser for a 
customer whose primary sales were in soap, the dispensor being 
just a necessary accessory for his sales. The dispensor was 
originally hand fabricated, was expensive and difficult to 
enamel. By redesigning the part so that it could be stamped 
out and enameled successfully, it gave the customer a doubling 
of his sales. The selling price to the customer remained the 
same but profits were considerably increased to Pepco. A 
further retirement of the dispensor by attaching a simple lock-
ing mechanism to prevent pilfrage actually made the dispenser 
cheaper to enamel and again brought the customer a doubling of 
sales because public institutions and schools liked this new 
feature. 
FINANCE: 
In the seven-year period, 1949 to 1956, the investment 
in plant and equipment has increased four and one-half times 
and total assets have increased tenfold. 
Due to the difficulties brought on by the development 
and promotion of Starfire and the unexpected competition from 
stick-on clay tile, Pepco became heavily in debt. The worst of 
this dark period is now believed over. The profits expected 
from Starfire tile sales should begin to ease this burden over 
the next several years. 
At present, the major financial problem concerns the 
financing of Starfire tile promotion. Working capital needs for 
this venture are to come from trade channel borrowing, subsidies 
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from the larger jobbing shop which had a hand in Pepco'a 
origin, lengthening of accounts payable, inventory reduction, 
and. conatrio.tion of production at critical periods to lower 
the effect of payroll and material costa. 
It is hoped that between $25,000 to $30,000 will be 
raised for Starfire promotion and $35,000 to $40,000 for im-
provements in plant and equipment. Expenditures for plant 
and equipment may have to be held in obeyance or be reorgan-
ized if a complete change in plant facilities may be needed. 
National advertising is too prohibitive to contemplate at this 
time, but the money for promotional. needs of new distributors 
as they are added must be met. The year 1957 will be lean for 
new funds, but if Starfire sales increase, operational profits 
may help alleviate this condition. 
EXHIBIT THREE 
PORCELAIN ENAMEL PRODUCTS CORPORATION 
OPERATING STATEMENTS 
Ba.~ance Sheet. 
Current Assets 
Net Fixed Assets 
Other Assets 
Total Assets 
Current Liabilities 
Long Term Liabilities 
Tota~ L1ab111ties 
Net Worth 
Dec. ~949 
$15,268 
43,978 
476 
$59,722 
15,484 
24 2 292 
$39,779 
Preferred Stock $40,000 
Common Stock 400 
Capital Surplus ------
Earned Surplus 
Total 
Total Liabilities & Net Worth 159,722 
Income Statement 1949 
Net Sales $66,375 
Cost of Sales 60,813 
Gross Profit f 5,562 
S and Adm. Expense 9,18~ 
Net Operating Income 
Other Charges 
Net Income before Taxes 
Taxes 
Net Income 
1(4,.220) 
1,063 
$( 5,283) 
$(5,283) 
292 
June 1956 
$429,864 
188,054 
10,732 
$628,650 
314,.886 
482 2 501 
i797,393 
41,400 
17,188 (227,331 
lli68 743 
$628 2 650 
1956* 
$661,064 
571,320 
$ 89,744 
_87 2 364 
$ 2,380 
26,428 
$(24,048) 
$( 24,048) 
*Note: Estimate based on figures through June 1956. 
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VII. SUMMARY 
The writer has endeavored throughout t'he thesis 
to inform the reader of the dynamic nature of the porcelain 
enamel industry. For the jobbing shops who tend not to· 
specialize on any one line of products, this dynamic nature 
has caused the jobbing enamelers to remain ever watchfUl to 
change and to modify their product line to keep in step with 
the advance of the industry. 
A history of the porcelain enamel industry was 
presented to show the tremendous strides taken by the industry 
over the past century in comparison to the previous 4500 years. 
Fro.m its humble origin it was shown how the industry acquired 
its line of products through the private enterprise of the 
early jobbing enamelers. 
After achieving consumer acceptance of these pro-
ducts, the industry now appears poised on the brink of an-
other period of growth and expansion into new fields. 
Competition is becoming increasingly keen among producers 
of old products, and the jobbing enameler is being forced 
out of various fields because he is not in business to 
specialize. Thus, he has had to look forward to new pro-
ducts and applications. For his loss of sanitaryware and 
appliance products, he has replaced with architectural and 
industrial products and applications. 
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In order to enable the jobbing enameler to change 
with the times the writer £irst set forth the advantages and 
disadvantages of porcelain enamel compared to other materi-
als so that the jobber may be aided in selecting applications 
which will be desired and needed by the country. 
The problems pertaining to old products were review-
ed to indicate problem areas. It appears that the jobbing 
enameler should divorce himself £rom sanitaryware and appli-
ance products because those two fields are entering a period 
of intense competition not unlike the competition in the auto 
indus~ry. Enamelware products are too sales risky to consider 
entering. 
The jobbing enameler has found his product line in 
industrial and architectural applications, since extreme 
specialization appears not possible at the present time. New 
applications abound fo~ the jobbing enameler if he can pro-
duce salable products at a low enough cost to justify their 
sale.· 
The writer attempted to aid the jobbing enameler in 
selecting new applications by thoroughly discussing all of the 
possible ways of lowering manufacturing costs by the use of 
new processes and equipment. For instance, the writer presen-
ted over thirty new and old methods for changing the finish 
of porcelain enamel and as many processes and methods for 
achieving lower manufacturing costs. 
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The extent of standardization within the industry 
was explained and the writer proposed the use of the Color 
Harmony Manual as a means of standardising a:> lored enamels, 
a most costly, and troublesome problem to the jobbing shop. 
By virtue of his business of enameling to order, 
the jobber must be flexible and continually diversify his 
line of products. Until such time as the individual enamel-
er believes that he has found the proper product on which to 
specialize, constant reappraisal of the product line is in-
dicated. 
In attempting to change his product line the job-
bing enameler has experienced difficulty. Instead of just 
sitting back and accepting orders in the past as they came 
in from appliance and sanitaryware manufacturers, the switch 
to architectural and other products caused very difficult 
management problems, as yet, not resolved. Bidding and 
contact selling practices were new and because the jobbing 
enameler was poorly equipped to deal with these problams, 
·he lost money. New products called for new processes and 
production practices which the enameler is only now learn-
ing how to use. The jobbing enameler is further hampered 
by his inability to secure financial assistance. 
Various management problems were discussed by the 
writer to aid the jobbing enameler in determining his pro-
duct line. One factor brought out was that the jobbing 
enameler must become more sensitive to the desires of his 
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customers. A system of bidding was discussed for use by job-
bing enamelers. In the future the jobbing shop can expect 
increased architectural sales, but if new fields are to be 
entered, production must became more efficient and utilize 
new processes and equipment. 
Throughout the sections on production and new pro-
cesses the writer explained methods for reduction of enamel-
ing costs, some of which require very little in the way of 
the expenditure of funds but only through proper control 
over operations. Costs of modern equipment was given to 
enable the enameler to determine what financial assistance 
he nee~s to improve his manufacturing operations. 
Two case histories of jobbing enameling shops 
were included to show the reader the various ramifications 
that a changing product line has on a jobbing enameling 
shop. 
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